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Introduction

What do we mean by ""motorized watercraft?"

Motorized watercraft include powerboats, fishing boats, pontoon boats, and “jet skis™ or personal
watercraft (PWC). They are propelled by some sort of motor: outboard, inboard, inboard/outboard, or jet
propulsion. Most of these propulsion systems make use of a propeller. In the discussion of impacts
presented here, all craft will be lumped together as “boats,” unless otherwise stated (for example, see
special section on PWCs). “Boat activity” refers to the ways in which these watercraft are used: fishing,
cruising, water-skiing, racing. No distinction will be made between the types of activities unless otherwise
stated.

Why are motorized watercraft important to aquatic ecosystems?

There are a number of reasons. why boats and boat activity are an important issue. Numbers of registered
boats in Wisconsin have increased by 87% since the late 1960°s (567,000 in 1997-98 compared to 303,000
in 1968-69). Size of boats has also increased: over 40% of the registered boats were between 16 and 39
feet long in 1997-98 compared to just 18% in 1968-69. Along with the bigger boats have come bigger
engines. The Duluth News-Tribune reports that horsepower has doubled on new boats registered in MN
between 1981 and 1999. There has also been an explosion in recent years in new types of watercraft,
especially personal watercraft. PWCs in WI increased from 6500 in 1991 to 28,900 in 1998, representing

5-1% of all-registered-watercraft-—These-smaller;-more-powerful-craft-have-uniqueissues;-due to-their
maneuverability and accessibility to shallow and remote areas. Finally, increased development of lakes and
rivers leads to increased boat activity, especially in areas that have traditionally not been used for
recreation.

How might boats affect aquatic ecosystems?

Boats may interact with the aquatic environment by a variety of mechanisms, including emissions and
exhaust, propeller contact, turbulence from the propulsion system, waves produced by movement, noise,
and movement itsell. In turn, each of these impacting mechanisms may have muitiple effects on the
aquatic ecosystem. Sediment resuspension, water poliution, disturbance of fish and wildlife, destruction of
aquatic plants, and shoreline erosion are the major areas of concern and will be addressed in the following
pages. Impacts of boats that primarily affect human use of lakes, such as crowding, safety, air quality, and
noise will not be addressed specifically.

As we discuss the impacts and effects of boats on the aquatic environment, we need to recogaize that:

1} boating is a highly valued recreational activity in Wisconsin ($200 million spent on boating trips per
year, $250 million on equipment);

2} most peopte use boats for fishing (58%);

3) public access is important and actively encouraged by the State of Wisconsin;

4) many of the issues associated with boating are complex, with sociological as well as ecological
consequences; and

5) boating activities must be evaluated in the context of the characteristics of each waterbody and other
factors that may be more important for the overall health of the aguatic ecosystem.

How is this document organized?

I have organized the material in this document in terms of the aspect of the aquatic ecosystem that may be
affected by boat activity. The sections include:

A. Water Clarity (Turbidity, nutrients, and algac)

B. Water Quality (Metals, hydrocarbons, and other pollutants)
C. Shoreline Erosion

D. Aquatic Macrophytes (Plant communities)

E. Fish

F. Aquatic Wildlife

G.

Personal Watercraft (“Jet skis™)



Each section includes an introduction, a summary of three to five studies relevant to the issue, some
conclusions, and a list of additional references for further reading. The introduction attemnpts to define the
issue, explain why it is important to aquatic ecosystemns and identify factors that affect it, and summarize
some of the particular concerns related to boat activity. The conclusion summarizes the current state of
knowledge, identifies uncertainties, and suggests management strategies that may be useful to deal with the
issue. At the end of the document, 1 have included a summary section that incorporates information
gleaned from all of the individual sections. A complete list of all studies mentioned in the text is given in
the last section, entitled “For Further Reading.”

A. Water Clarity (Turbidity, nutrients, and algae)

Introduction:

What do we mean by "water clarity?"

Water clarity is a measure of the amount of particles in the water, or the exteat to which lght can travet
through the water. There are many ways to express water clarity, including Secchi disk depth, turbidity,
color, suspended solids, or light extinction. Chlorophyll a, a pigment found in all plants, is often used to
determine the amount of algal growth in the water and is related to water clarity as well.

Wiy is water clarity important in aquatic ecosystems?

Water clarity is important for a number of reasons. It affects the ability of fish to find food, the depth to
which aquatic plants can grow, dissolved oxygen content, and water temperature. Water clarity is often
used as a measure of trophic status, or an indicator of ecosystem health. Water clarity is important
aesthetically and can affect property values and recreational use of a waterbody.

What factors affect water clarity?

Algal growth, runoff, shoreline erosion, wind mixing of the lake or river bottorn, and tannic and humic
acids from wetlands can all affect the clarity of the water. Water clarity often fluctuates seasonally and can
be affected by storms, wind, normal cycles in food webs, and rough fish (e.g. carp, suckers, and bullheads).

How might boats affect water clarity?

Propellers may disturb the lake or river bottom directly, or indirectly through the wash or turbulence they
produce, especially in shallow water. This may aifect water clarity by increasing the amount of sediment
particles in the water or may cause nutrients that are stored in the sediments, such as phosphorus, to
become available for algal growth. Waves created by watercraft may contribute to shoreline erosion, which
can cloud the water.

Studies:

Yousef and others (1980) is the most often cited publication on motor boat impacts. Turbidity,
phosphorus, and chlorophyll « (chl a) were measured on control and intentionally mixed sites on three
shallow Florida lakes (all less than 6 m or 18 ft deep), both before and after a set level of motor boat
activity. On the two shallowest lakes, significant increases were seen in these parameters on the mixed
sites, but not at the control sites. Average increases in phosphorus ranged from 28 to 55%. Maximum
increases in turbidity and phosphorus occurred within the first two hours of boating activity. Turbidity
declined at a slower rate after boating ceased, taking more than 24 hours to return to initial levels.

Hilton and Phillips (1982) developed an empirical model to predict the amount of turbidity generated by
boats passing a stretch of river based upon field measurements of turbidity and timing of beat passes. The
model assumes that each boat pass generates the same amount of turbidity and that it decays exponentially
with time, such that the amount of turbidity at 2 given time is dependent upon the timing of the last boat
pass. Using the model with maximum expected boat activity, the authors determined that turbidity returned
to background levels 5.5 hours after cessation of boat movement, indicating long term build-up of turbidity



was untikely. The model also predicted that on an annual basis, 8 to 44% of the turbidity in the river could
be attributed to motorboat activity, depending upon the amount of algal growth that occurred at the test
sites.

Johnson (1994) investigated the role of recreational boat traffic in shoreline erosion and turbidity
generation in the Mississippi River. Turbidity was monitored at several depths and distances from shore
during weekends of heavy boating activity. Turbidity increased the most near the bottom of the river, but
did not vary with distance from shore, Peak turbidity corresponded with peak boating activity, but only in
sites with high boating activity.

U. S. Army Corps of Engineers (1994) investigated the relationship between boat traffic and sediment
resuspension on the Fox River Chain O’ Lakes in northeastern Illinois. Samples were collected in channels
connecting the lakes so that boats could be counted with some accuracy. There wasa direct correlation
between the number of boat passes and the amount of suspended solids in the water column. However, the
amount of resuspension varied with water depth and sediment type. In silt substrate, the highest amounts
were seen in water depths of 3 ft, about half as much at 6 ft, and none at 8 . In marl substrate, effects
were seen at 3 ft, but not 6 or § ft. The authors also determined that sediment resuspension by boats at 3 ft
was equivalent to the amount of disturbance generated by a 20 mph wind, but that the frequency of boat
passes was much higher than the frequency of winds of that magnitude.

Asphind (1996) investigated theeffects of motor boats on sediment resusp ension-and-concurrent-effects-on
nutrient regeneration and algal stimulation in several Wisconsin lakes. Weekend and weekday water
quality was measured on 10 lakes during three summer holiday weekends and an additional weekend in
August. Motor boat use increased on holiday weekends compared to weekdays (200-350% increase).
Water clarity usually decreased, associated with increases in turbidity, particularly in near-shore sites. Chl
a showed no consistent trends. Phosphorus (TP) often increased in the mid-lake sites, while ammonia
generally decreased in both areas. Shallower lakes tended to experience greater changes in turbidity and
TP than deeper lakes. Water clarity and boat activity were measured on an additional 20 Jakes during every
summer weekend. Motor boat use increased consistently on weekends for most of the lakes in the study.
Water clarity did not show a consistent increasing or decreasing trend for any individual fake on weekends.
However, weekend Secchi disk readings were 10% lower than weekday readings on average for the entire
data set. Clear water lakes tended to show slightly larger drops in clarity than turbid lakes, and had more
weekends with decreased clarity. The magnitude of change in water clarity was small compared to
secasonal changes and differences among lakes.

Conclusions:

What de we know? .

Boats have been shown to affect water clarity and can be a source of nutrients and algal growth in aquatic
ecosystems. Shatlow lakes, shallow parts of lakes and rivers, and channels connecting lakes are the most
susceptible to impacts. Depth of impact varies depending upon many factors including boat size, engine
size, speed, and substrate type. Few impacts have been noted at depths greater than 10 feet.

What don’t we know?

Less certain is the overall impact boats have on water clarity compared to other factors such as shoreline
development, watershed runoff, storm events, and natural food web cycles. The cumulative impacts of
boats on water clarity are also uncertain, as is the link between increased sediment resuspension and algal
growth. Translating effects observed under experimental conditions to what happens under actual
conditions can be difficult.

What can we do about it?

No-wake zones in shallow areas of lakes and rivers could help to reduce impacts on water clarity, both by
reducing the overall amount of boat activity in these areas and by limiting impacts from high-speed boats.
In certain cases it may be beneficial to restrict boat activity altogether, such as in extremely shallow waters
where boats can disturb the bottom even at no-wake speeds.



Also see:

Garrad, P, N, and R. D. Hey. 1988. River management to reduce turbidity in navigable Broadland rivers,
J. Environ, Manage. 27:273-288.

Gucinski, H. 1982. Sediment suspension and resuspension from small-craft induced turbulence. U.S.
EPA Chesapeake Bay Program, Annapolis MD. 61 pp. (EPA 600/3-82-084)

Moss, B. 1977. Conservation problems {n the Norfolk Broads and rivers of East Anglia, England -
phytoplankton, boats, and the causes of turbidity. Biol. Conserv. 12:95-114,

B. Water Quality (Metals, hydrocarbons, and other pollutants)

Introduction:

What do we mean by "water quality?"”

By water quality, we are referring to the chemical nature of a water body, particularly as affected by
anthropogenic (human) sources. Metals (lead, cadmium, mercury), nutrients (phospherus, nitrates), and
hydrocarbons (methane, gasoline, oil-based products) can all be added directly to the water column through
a number of sources, including boat motors. These added chemicals can affect other parameters, such as
pH and dissolved oxygen.

Why is water quality important in aquatic ecosystems?

As discussed earlier, nutrients can affect the algal growth in lakes and rivers and have an effect on water
clarity. Dissolved oxygen and pH levels inftuence the type and abundance of fish. In high enough
amounts, metals and hydrocarbons can be toxic to fish, wildlife, and microscopic animals. In addition,
these substances may have human health effects if a lake or reservoir is also used as a drinking water

supply.

What factors affect water quality?

Runoff from watersheds, both urban and agricultural, is a major source of nutrients, pesticides, metals, and
- hydrocarbons in aquatic ecosystems. Point sources of pollution (from industrial or municipal wastes) are
also common, especially in river systems. Even remote lakes can be affected by atmospheric deposition of
metals and acid-producing chemicals.

How might boats affect water quality?

Boat engines are designed to deliver a large amount of power in a relatively small package. As aresult, a
certain amount of the fuel that enters into a motor is discharged unburned, and ends up in the water. Two-
stroke engines, which make up a vast majority of the motors in use on all types of watercraft, have been
particularly inefficient. Estimates vary as to how much fuel may pass into the water column (25-30% is a
reasonable average) and depends upon factors such as engine speed, tuning, oil mix, and horsepower. Other
concerns include lowered oxygen levels due to carbon monoxide inputs, and spills or leaks associated with
the transfer and storage of gasoline near waterbodies.

Studies:

Schenk and others (1975) used small (0.5 to 4 acres), shatlow (4 to 12 feet deep) ponds to investigate
impacts of motors on water quality. They ran motors continuously for three years at a rate of 1 galion of
fuel per day per 1 million gallons of water (equivalent to 3 times the maximum likely boat activity on a
heavily used lake). No changes were observed in standard water quality parameters (pH, nutrients), except
due to scour of sediments, which caused elevations in alkalinity and hardness. Increased lead and
hydrocarbon concentrations were detected in the water column and sediments of the test fakes. However,
no acute toxicity was observed on any species. Phytoplankton growth, diversity, and species compaosition



were unchanged. Zooplankton and bottom dwelling organisms were not affected. No changes in the fish
community composition or mortality rates were exhibited.

Hallock and Falter {1987) measured nitrogen, carbon, and phosphorus levels in small enclosures after
operating outboard engines in them for a period of time. Combining this information with estimates of the
annual fuel consumption by motor boat users on a heavily used lake, they calculated the proportion of
nutrient loading contributed by outboard motors. In this study, motorboat exhaust contributed about 1% of
the total nitrogen loading to the lake, while the amount of phosphorus was negligible. On lakes which
receive heavy use year-round (in the southern U.S.}, motorboats could contribute up to 5% of the nitrogen
loading. However, nutrient loading from other sources is much more significant.

Mastran and others (1994) determined the spatial distribution of polyaromatic hydrocarbons (PAH) in a
reservoir used for both drinking water and recreation. Engine sizes are limited to a maximum of 10
horsepower in this reservoir. PAHs are a group of organic compounds found in petroleum products that
can be released into the environment through combustion processes. Some of these PAHs are known to be
carcinogenic, and thus of concern in a drinking water reservoir. The researchers found detectable levels of
PAHs (up to 4 parts per billion} in the water column during times of peak boating activity (June), but not
during October, when boat activity was minimal. PAHs were found in the sediments during both times,
and tended to be higher in the vicinity of three marinas on the reservoir. Other sources of PAHs in the
sediments could be from urban runoff and atmospheric deposition.

Reuter and others (1998) investigated the role of motorized watercraft on methyl terz-butyl ether (MTBE)
levels in a California lake. MTBE is a fuel oxygenate required by many states to be added to gasoline to
reduce carbon monexide emissions in urban areas. MTBE is also a possible human carcinogen and imparts
a noticeable taste and odor to drinking water in very low concentrations. The authors found that MTBE
was detectable (0.1 ug/L) throughout the lake and throughout the year, but that it rose to 12 pg/L during
mid-July in the upper waters of the lake, corresponding to peak boat use and the strongest siratification.
This level exceeds drinking water standards under consideration in California. The authors determined that
the exhaust from 2-stroke outboard motors was the primary source of MTBE, explaining 86% of the
variability in MTBE levels. However, levels declined through the fall due to volatilization at the water
surface and did not appear to persist from one year to the next.

Conclusions:

What do we know?

There have been numerous studies on the eftects of outboard motor exhaust and related poliution from fuel
leakage. (See Wagner (1991) for a good review of these studies.) In general, these studies have shown
mimimal toxic effects on aquatic organisms because 1) the amount of pollution is small compared to the
volume of a lake; and 2) most hydrocarbons are volatile and quickly disperse. However, palyaromatic
hydrocarbons and fuel additives have been detected in some cases, and could be a concern for drinking
water supplies. Build-up of certain compounds in sediments has been documented, especially near
marinas or other high concentrations of boats, and may be detrimental to bottom dwelling organisms.

What don’t we know?

Most studies have focused on short-term or acute effects of outboard motor fuel and exhaust. Less clear are
the long-term or chronic effects on organisms or human health of repeated exposure to low levels of
pollutants.

What can we do about if?

Cleaner technology, such as four-stroke engines, and more efficient two-stroke models should help to
reduce the inputs of fuel and exhaust into water bodies over time. Education of boaters and stricter controls
of places that store and sell fuel near the water would help to reduce sediment contamination from fuel
transfer and storage. Keeping engines well-tuned and using manufacturers’ recommended mix of oil and
gasoline would help engines run more efficiently and reduce the amount of unburned fuel that is
discharged.
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cultures. Environmental Pollution 32:307-316,
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C. Shoreline Exosion

Introduction:

What do we mean by" shoreline erosion?"
Shoreline erosion is a term that refers to the process by which soil particles located along riverbanks or
lakeshores become detached and transported by water currents or wave energy.

Why is shoreline erosion important in aquatic ecosystems?

Shoreline erosion may affect water clarity in near shore areas, shading submerged aquatic plants as well as
providing nutrients for algal growth. It can interfere with fish use of shallow water habitat, as well as
wildlife use of the land-water edge. Excessive shoreline erosion can negatively affect property values and
can be expensive for riparian dwellers to prevent and control.

What factors affect shoreline erosion?

Shoreline erosion is affected by two main factors: 1) the intensity or energy of the erosive agent, i.e. water
movement; and 2) the characteristics of the bank material itself. Water currents, waves, and water levels
are the primary agents that cause shoreline erosion, although overland runoff can also erode shorelines. The
erosivity characteristics of shoreline soils can also affect erosion rates — less cohesive materials such as
sand erode more quickly than clay. The amount of vegetative cover, slope, and human disturbance also
affect shoreline erosion rates at a given site. A certain amount of natural erosion may occur with storm or
flood events, but usually erosion is minimal on natural shorelines. Shoreline development can affect
erosion rates significantly by removal of vegetative cover or compaction of bank material.

How might boats affect shorveline erosion?

Boats produce a wake, which may in turn create waves that propagate outward until dissipated at the
shoreline. Wave height and other wave characteristics vary with speed, type of watercraft, size of engine,
hull dispiacement, and distance from shore. Propeller turbulence from boats operating in near shore areas
may also erode shorelines by destabilizing the bottom.

Studies:

Bhowmik and others (1992) developed an equation to predict the maximum wave height of a recreational
watercraft based upon the speed, draft, and length of the boat and the distance from a measuring point.
Generally, the deeper the draft and longer the craft, the bigger the waves that were produced, while
increased speed and distance diminished the size of the waves. During the controlled boat runs that were
used to develop the model, wave heights averaged between 1 and 25 c¢m, with 10 to 20 waves produced per
event. Maximum wave heights observed were up to 60 cm. During uncontrolled boating observations on
the Mississippi and Illinois rivers, wave activity was observed to be continuous during peak boating times,
with wave heights up to 52 cm.



Nanson and others (1994) monitored bank erosion and wave characteristics produced by three ferry boats
in a set of staged boat passes to determine if speed limits on boat traffic could reduce river-bank erosion
rates. Most of the measurements of the boat waves were positively correlated to rates of bank recession.
Maximum wave height within a wave train was the simplest measure and was associated with a threshold
in erosive energy at wave heights between 30 and 35 em (12-14 in.). Above this threshold almost all bank
sediments were observed to erode. Further monitoring revealed that reducing wave heights to < 30 cm,
through speed limits on boats and reducing the frequency of boat passages, caused a decline in riverbank
erosion, This threshold may vary from river to river depending upon the particle size and cohesiveness of
the bank material.

Johnson (1994) placed iron stakes along transects in 1989 to monitor shoreline erosion along several
stretches of the Mississippi River. Over a 3.5 year period, shoreline recession of up to 14 feet was
observed in a channel subjected to intense boating activity (Main Channel) compared to less than 3 feetin a
channel with similar river currents and light boating activity (Wisconsin Channel). [Author’s update:
Transects resurveyed in 1997 indicated 28 fi. of recession in the Main Channel compared to 4 fi. in the
Wisconsin Channel. On average, the riverbank is eroding at a rate of 3 feet per year.]

Johnson and others (In preparation) investigated shoreline erosion due to recreational activity along
several sites in the Lower St. Croix National Scenic Riverway. Over 4 successive boating seasons (1995-
1998), 9 sites had net erosion, 2 sites had net deposition and 3 sites had no net change. When sorted by

impact-category;-those-sites-with-no-boat-waves-and-no-foot-traffic-trampling-had-sediment-deposition-or-no
net change in profile. Little net change was noted at sites with boat waves only. Shoreline erosion was
documented at all sites with trampling only, as well as at all sites experiencing both waves and trampling.
The surveys suggest that foot-traffic trampling and boat waves are major contributing influences to
shoreline erosion in the study area. In the summer of 1998, additional investigations of off-peak and peak
boating days included the measurement of maximum wave heights, number and type of boats, and
shoreline sediment mobilization (erosion and resuspension). The study results confirmed that wave heights
below 0.4 feet did not mobilize sediments, as determined in controlled run studies. However, the more boat
waves (.4 feet and higher in a 30 minute monitoring period, the greater the amount of sediment mobilized.
Likewise, the larger the maximum wave height in a 30-minute monitoring period, the greater the amount of
sediment mobilized. Of all the boat types recerded, runabouts and cruisers had the highest correlation to
the measured maximum wave heights, amount of sediment mobilized, and number of waves greater than
the sediment mobilization threshold (0.4 feet). Wind-generated waves above the threshold were not
recorded during the study period.

Conclusions:

What do we know?

Waves or wake produced by boats is the primary factor by which boats can influence shoreline erosion.
Wave heights depend upon speed, size and draft of boat, but can reach heights of 40-50 cm (15-20 in.)
equivalent to storm-induced waves. However, wave heights dissipate rapidly as they move away from the
boat, while wind waves increase with larger distances. Therefore, river systems, channels connecting lakes,
and small lakes are likely to be most influenced by boat-induced waves, as boats may operate relatively
close to shore and wind-induced waves are reduced. Shoreline erosion has been documented in river
systems and has been attributed to frequency and proximity of boat traffic. Loosely consolidated, steep,
unvegetated banks are more susceptible to shoreline erosion.

What don’t we know?

It is unclear what effect boat waves have on shoreline erosion or bank recession in lake or still water
environments. All studies to date have been on river systems. Also unknown is the cumulative impacts that
boat waves can have on shorelines, especially in combination with wind-induced waves. While equations
exist to predict how much of a wake a given boat can produce, very little information is available to suggest
how much boat traffic a given shoreline can sustain. Also, individual boat waves may dissipate quickly, but
boat traffic often mixes waves from several boats and can create much bigger waves that persist for longer
periods of time.



What can we do about it?

No-wake zones are designed to minimize boat wake, so the obvious solution would be to use no-wake
zones to limit shoreline erosion, particularly in channels or small sheltered lakes (i.e. areas where effective
wind fetch is less than 1000 feet). Currently in W1, boats are restricted from operating at speeds greater
than no-wake within 100 feet from fixed structures such as boat docks and swimming platforms. Many
take communities have established no-wake ordinances at 100 feet from shore or more. Seawalls and
riprap have been used extensively in lakes and rivers to prevent shoreline erosion; however, these
engineering approaches have little wildlife value and are expensive. Maintaining and restoring natural
shorelines would help reduce the impacts of all types of waves on shoreline erosion.

Also see:

Bhowmik, N. G. 1976. Development of criteria for shore protection against wind-generated waves for
lakes and ponds in Illinois. University of [llinois Water Resources Center Research Report No.
107, Urbana, IL. 44 pp.

Kimber, A., and J. W. Barko. 1994. A literature review of the effects of waves on aquatic plants. Natl.
Biol. Surv., Environ. Manage. Tech, Center, Onalaska, WI. LTRMP 94-8002. 25 pp.

D. Aquatic Macrophvtes (Plant communities)

Introduction:

What do we mean by "aquatic macrophytes?"'

Aquatic macrophytes are large rooted plants that inhabit the littoral (shallow water} zone of most lakes and
rivers. They are usually divided into three categories: submerged, emergent, and floating-leafed species.
Common species include coontail, milfoil, elodea, pondweeds (submerged species), bulrushes, reeds,
sedges, wild rice, and cattails (emergent), and water lilies, spatterdock, and lotus ({loating).

Why are aquatic macrophytes important in aquatic ecosystems?

Aquatic plants perform many important ecosystem functions, including habitat for fish, wildlife, and
invertebrates; stabilization of lake-bottom sediments and shorelines; cycling of nutrients; and food for
many organisms. In some lakes, submerged plants grow in abundance, yet they also may compete with
algae for nutrients and help maintain better water clarity. Emergent and floating-leafed species may be
valued for their aesthetic qualities and help provide a more “natural” buffer between a developed shoreline
and the open water.

What factors affect aquatic macrophytes?

There is considerabie variability in plant communities, both within the same lake or river and among
similar bodies of water. Macrophyte growth is limited by a number of factors, including light availability,
nutrients, wave stress, bottom type, water level fluctuations, and water temperature. The shallow water
extent of submerged plant growth is usually limited by bottom conditions and wave stress, while the deep
water limit is usually dependent upon light availahility. Eutrophication, boat traffic, controlled or raised
water levels, shorefine development, invasive species, and rough fish can all have in impact upon aquatic
plants, either through changes in abundance or species composition.

How might boats affect aquatic macrophytes?

Boats may impact macrophytes either directly, through contact with the propeller and boat hul, or
indirectly through turbidity and wave damage. Propellers can chop off plant shoots and uproot whole
plans if operated in shallow water. Increased turbidity from boat activity may limit the light available for
plants and limit where plants can grow. Increased waves may limit growth of emergent species. Finally,
boats may transport non-native species, such as Eurasian water milfoil, from one body of water to another.



Studies:

Zieman (1976) compared sca grass communities and sediment characteristics in undisturbed and motor
boat disturbed areas off the Florida coast. Undisturbed sea grass beds had finer sediments than disturbed
areas. In disturbed areas, channels receiving continuous boat traffic had coarser sediments than channels
cut into the sea grass by a single boat pass. Sediments had lower pH and redox potential in the channels,
indicating that removing aquatic vegetation altered sediment chemistry. As a result, channels cut by motor
boats were found to persist for 2-3 years. Recolonization of disturbed areas was slow because of stow
rhizome growth. Motor boat impacts are likely to be more pronounced in-shallow high use areas with plant
species that tend to be slow growing.

Murphy and Eaton (1983) tooked at the relationship between boat traffic, turbidity, and macrophyies
from several hundred sites in an English canal system. Abundance and biomass of macrophytes were
negatively correlated to beat traffic, particularly at high levels (over 2000 boat passes per year). The
impact on submerged vegetation was greater than on emergent plants. Total suspended solids were
strongly correlated to boat traffic and negatively correlated to submerged macrophyte abundance,
suggesting that boat traffic was indirectly suppressing macrophyte growth by generating turbidity. Direct
physical damage by boats likely caused the decline in emergent macrophytes.

Vermaat and de Bruyne {1993} investigated factors that limited the distribution of submerged plants

along three stretches of a lowland river in the Netherlands. Low light caused by high turbidity and
periphyton growth, limited plants to water less than 1m deep. However, plant growth was much higher.in
the section that received the least amount of boat traffic, even though light conditions were similar to the
other sites. In an experiment, plants collected from all three sites grew better in sheltered conditions than
plants exposed to waves, The authors speculated that waves from boat traffic limited the shoreward extent
of plant growth.

Mumma and others (1996) found a direct correlation between recreational use and drifting plants along
stretches of the Rainbow River in Florida. Recreational use included canoeing, inner tubing, and motor
boating, but no distinction was made among uses and their effect on the piants. Plants appeared to be
damaged either by cutting or uprooting. However, the amount of plant biomass removed by the recreators
per hour during peak use times represented a minute percentage of the total plant biomass in the upstream
reaches of the river. Also, the researchers found that water depth and substrate type, not the level of use,
influenced overal! plant biomass among different sites.

Asplund and Cook (1997) studied the effects of motor boats on submerged aquatic macrophytes jn Lake
Ripley, Jefferson County, WI. Four enclosures, two of solid plastic and two of mesh fencing, were placed
in about 1 m of water adjacent to high boat traffic areas. These enclosures were intended to exclude motor
boat access and, in the solid-walled enclosures, to block the turbidity generated by hoat-induced sediment
resuspension. At the end of the study, plant biomass, height and percent cover were measured inside the
enclosures and in control plots. Excluding motor boats from the experimental plots significantly increased
macrophyte biomass, coverage, and shoot height compared to impacted areas. Results indicated that motor
boats affected plant growth through scouring of the sediment and direct cutting; however, turbidity
generated by boats did not appear to limit macrophyte growth in this experiment.

Conclusions:

What do we know?

Several rescarchers have documented a negative relationship between boat traffic and submerged aquatic
plant biomass in a variety of situations. The primary mechanism appears to be direct cutting of plants, as
many have noted floating plants in the water following heavy boat use. Other researchers have determined
that scouring of the sediment, uprooting of plants, and increased wave activity may also be factors. Where
frequent boat use has created channels or tracks, it was nofed that these scoured areas persist for several
years.
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What don’t we know?

While boats can uproot plants and reduce growth, it is still unclear what the long-term effects of boat traffic
are on the macrophyte community, especially in lakes. Most studies that noted decreased plant growth in
high boat traffic areas were in rivers where boat traffic is more confined and waves may be more of a
factor. Also unknown is the effect on macrophyte species composition and the subsequent effect on other
components of the aguatic ecosystem, such as the fish community and water quality, As one study noted,
the amount of plant material chopped up by boats was a very small proportion of the whole plant
community. 1t is unclear if such a small amount of plant material lost has larger-scale or longer-term
impacts.

What can we do about it?

No-wake zones and restricted motor areas effectively reduce the impact of boats on aquatic plants (see
Asplund and Cook 1999). Limiting boat traffic in areas with sensitive species or where a large proportion
of the plant material is floating or emergent may be a good way to guide boat activity to more appropriate
parts of a waterbody. While no-wake zones do not prevent all impacts, they do serve to reduce the overall
amount of boat activity in a given arsa. Basing no-wake zones on water depth or the maximum depth of
plant growth may be more useful than those based upon fixed distances from shore.

Also see:

Johnstone, 1. M., B. T. Coffey, and C. Howard-Williams. 1985, The role of recreational boat traffic in
interlake dispersal of macrophytes: A New Zealand case study. J. Environ. Manage. 20:263-279.

Schloesser, D. A., and B. A. Manny. 1989. Potential effects of shipping on submersed inacrophytes in
the St. Clair and Detroit Rivers of the Great Lakes. Mich. Academician 21:110-118.

E. Fish

Introduction:

What do we mean by "fish?"

In this discussion of boat impacts on fish or fish communities, we witl consider impacts on a variety of
levels: 1) individual fish, 2) fish populations, and 3) the community of all fish in a body of water. Aspects
such as mortality and behavior affect individual fish, breeding success or recruitment affects fish
population dynamics, and species composition and overall abundance of fish affect the fish community.

Why are fish important in aguatic ecosystems?

Fish form an important part of the food web in aquatic ecosystem, and can be either top predators,
intermediate herbivores, or plankton eaters. A variety of birds and other animals depend upon fish as their
primary food source. The presence or absence of individual species, as well as overall fish numbers can be
an indicator of ecosystem health and can affect water clarity and water quality. Fisheries form an important
resource for food and recreation for humans as well. In fact, angling is the most popular recreational
activity on most Wisconsin waters.

What factors affect fish?

Climate, food availability and quality, suitability of shelter, and the presence of predators (including
humans) affect individual fish, as well as fish populations. Water quality, turbidity, and the presence of
poilutants can also affect fish reproductive success, which affects fish populations. Species composition is
usually determined by a number of factors including water quality, water temperature, and pH. Angling
also has a large impact on fish populations and community structure and is usually closely regulated to try
to maintain a balanced fishery. In sum, any human activity that affects water quality and habitat has the
potential to affect fish populations and overall community structure.
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How might boats affect fish?

Direct contact of boats or propellers may be a source of mortality for certain fish species, such as carp.
Pollution from exhaust ot spills may be toxic to some fish species. Boat movement can affect individual
fish directly by disturbing normal activities such as nesting, spawning, or feeding. Increased turbidity from,
boats may interfere with sight-based feeding or success of eggs or fish spawning. On a population level,
boats may affect fish through habitat alteration caused by waves or propeller damage. :

Studies:

Lagler and others (1950) addressed several important topics using control and experimental ponds:
bluegill and largemouth bass production, location of nests, guarding behavior, mortality of eggs and fry,
and habitat alteration. Some differences among motor and non-motor pends were seen in fish production,
but these differences were small and may have been due to other factors. The motor boat followed a
defined path around the perimeter of the pond and thus inhibited macrophyte growth, scoured the
sediments, and reduced the number of bottom dwelling organisms in its path. Otherwise, the motorboat
ponds exhibited no changes in turbidity, water chemistry or phytoplankton production. Motorboat use did
cause male sunfish to abandon their nests temporarily, but it did not affect the location of nests. Motorboat
use did not significantly affect mortality of eggs or fry. Angling success was monitored on a non-motor
lake on which a motor boat was operated every other day during several 3-week periods. No differences in
angling success (either catch or strike frequency) were observed on motor vs. non-motor days.

Mueller (1980) used an underwater camera to record guarding behavior by sunfish in response to passes by
a canoe, slow motorboat (2 mph), and fast motorboat (11 mph) at varying distances from nests. Boat
passage caused fish to leave nests to take cover, leaving eggs vulnerable to predation. In control areas, fish
left the nests just as often but for shorter periods of time, primarily to ward off intruders. Absence times
were [onger if boat passes were close or cover was far away. Fish abandoned nests more frequently in
response to stower moving boats, most likely because of increased time for detection.

Kempinger and others (1998) studied the frequent occurrence of fish kills on a stretch of the Fox River in
Oshkosh, W1, between Lake Butte des Morts and Lake Winnebago since the 1950%s.  Throughout the ice-
free season in 1988, they monitored cages with fathead minnows and freshwater drum placed at various
sites along the tiver. They discovered that an outboard-motor testing facility located along the river was
primarily responsible for the fish kills, due to elevated levels of carbon monoxide in the water. Fish kills
were most apparent during warm temperatures and low flow or reversed flow conditions due to incoming
seiches from Lake Winnebago. As a result of the study, the testing facility now limits its testing to no more
than 1500 horsepower at one time, and ceases operation during low flow and higher temperatures.

Conclusions:

What do we know?

Very few studies have documented direct impacts of boat activity upon individual fish behavior or
mortality. The few studies cited here demonstrate that boat activity can disturb fish from their nests, but
that overali breeding success is likely not affected. Toxic effects on fish have generally not been observed,
except in extreme situations (such as near boat testing facilities). Of much greater concern and effort,
however, is the effect of boats on fish habitat (water quality, clarity, and aquatic plants) which subsequently
may impact fish populations. These studies have been summarized elsewhere.

What don’t we know?

While the effects of boats on fish habitat has been studied extensively, as well as the effects of habitat
degradation on fish populations, the link between boat activity and fish populations has not been well
defined. How much boat activity can a lake or river handle before fish populations are affected? How
much habitat is needed for successful fish recruitment? Is fishing success affected by boat activity? Would
restricting boat activity enhance fish populations? These are questions that have not been addressed or
answered to date.

12



What can we do about it?

Keeping boats out of known fish spawning areas may help to improve overall fish success, however, it
would be detrimental to anglers. Most boat activity usually occurs afier peak fish spawning times, but
extending protection of critical areas through early June may help to protect certain species. A more useful
approach would be to protect shallow waters and plant beds from boat activity through the use of no-wake
zones. No-wake zones in prime fishing areas may also help to reduce user conflicts by creating a separation
between anglers and high-speed boaters,

Also see:

Savino, J. F., M. A. Blonin, B. M. Davis, P. L. Hudson, T. N, Todd, and G. W. Fleischer. 1994,
Effects of pulsed turbidity on lake herring eggs and larvae. J. Great Lakes Res. 20(2):366-376.

F. Aquatic Wildlife

Introduction:

What do we mean by "aquatic wildlife?"

Aquatic wildlife refers to animals that spend part or all of their life in aquatic environments, or depend
upon them for food or reproduction. Examples include waterfowl, shorebirds, herons, eagles, loons, turtles,
frogs, and in saltwater systems include manatees, seals, and dolphins. Fish will be addressed in a separate
section.

Why are aquatic wildlife important in aquatic ecosystems?

Aside from the aesthetic value of being able to see eagles, loons, deer, and other animals near water, certain
species form an essential part of the food chain, especially those that feed on detritus or carrion or those
that feed on the top predator fish. The presence of loons and osprey can be an important indicator of
ecosystem health.

What factors affect aguatic wildlife?

Wildlife use of aquatic ecosystems depends upon a number of factors. Good water quality and the
availability of suitable habitat are important for most species. Other species require a certain amount of
wild or natural area in order to find enough food or to be protected from predators. The quantity and
quality of food is also essential. For example, foons need an abundant fish population in order to sustain
their growth. Species that migrate may need a high quality food source in order to build up enough energy
to reach their wintering grounds. Finally, some species are very sensitive to human presence and may not
be able to survive on waters that are too “busy” or populated. '

How might boats affect aquatic wildlife?

Boats may have direct impacts on wildlife through contact with propellers or disturbance of nests along the
shoretine by excessive wave action. Disturbance by the fast movement of watercraft or even the presence of
humans near feeding ground or breeding areas may prevent certain species, especially birds from being
successful. Noise or harassment may cause some wildlife to vacate nests, leaving eggs or young vulnerable
to predators. Indirect effects may include destruction of habitat or food source in littoral areas, or impaired
water quality.

Studies:

Kahl (1991} describes detailed observations of the respense of canvasbacks to fishing and hunting boats at
feeding areas. Disturbances caused the flock to flush and reduced the amount of time the birds spent at
feeding areas, possibly increasing energy costs and delaying migration. High frequency of disturbance
caused the birds to establish refuge areas in the middle of the lake where they remained for up to 60 min.
per disturbance. Boating disturbance accounted for ~50% of daylight hours spent away from feeding
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areas. Canvasbacks were less likely to flush and flushed at closer distances in response to slower moving
boats.

Rodgers and Smith (1995, 1998) directly measured the flushing response of 16 waterbird species exposed
to 5 different human activities, including walking, ATV, motorboat, canoe, and automobile. The earlier
study focused on nesting birds, while the latter focused on foraging and loafing birds. The authors found
considerable variation in flushing distances among different species in respense to the same activity (mean
distances ranging from 5 to 35 m). In general, birds which were more habituated to human presence (gulls,
terns) exhibited the least flushing distance. Walking and canoeing tended to flush birds at greater distances
than motorized activity, perhaps due to the slower speeds and more time for birds to become aware of the
disturbance. Nesting birds tended to allow closer approaches before flushing, likely because of the greater
cost of leaving a nest versus a feeding area. In both studies, the authors recommend bulfer zones of 100m
to protect most bird species, or mixed colonies of either nesting or foraging birds. This figure includes a 40
m “buffer” to account for alarm behaviors that do not result in an actual flush.

Madsen (1998) studied the disturbance effects of a variety of recreational activities on coot, widgeon, and
mute swan flocks in 2 Danish wetlands. Moving hunting boats caused the most disturbance in terms of
flushing frequency (2 times per day on average) and disruption time (up to 75 minutes), compared to
stationary boats, fishing, windsurfing, and sailing. However, windsurfing had the highest flushing distance
of any activity (450-700 m). Widgeon and mute swan were distarbed much more easily than coots.

Repeated-disturbances-during a-day reduced-foraging time by-13-33%.-In-terms-of overall-effects-of.
recreational activity, birds were disturbed 16% of the daylight hours during the months of September and
October.

Stalmaster and Kaiser (1998) observed the effects of recreational activity on wintering bald cagles ina
wildlife area in northwest Washington. They observed fewer cagles and less feeding activity during times
of highest recreational use (weekends, early morning hours). Foot traffic disturbed individual eagles to a
greater extent than motor boats (greater flushing responses and distances), but boat activity disturbed a
greater proportion of the eagle population. Eagles resumed feeding relatively quickly after initial
disturbances of the day, but were slow to resume after about 20 disturbances. Boat activity was more
disturbing on narrow than on wide river channels. The authors estimate that feeding by eagles was reduced
by 35% in the wildlife area because of recreational use and suggest limiting boat traffic within 400 m of
eagles, especially during early morning hours.

Conclusions:

What do we know?

Boat activity certainly causes many wildlife species to be disturbed from a variety of activities. For some
species, this may represent just a temporary disturbance, with little long-term effect. For otler species, or
in cases where unique habitats are disturbed by high frequency or intensity of boat use, boat activity can
have effects on the entire population. Migratory birds may require more protection as their energy needs
can easily be disrupted by excessive disturbance. Manatees have been observed with scars and lesions
from contact with boat propellers, but few other species likely receive this direct sort of impact.

What don’t we know?

Very little research has been done on small animals that use shorelines, such as turtles, frogs, shorebirds,
and mammals. Long term effects on wildlife use of an aquatic ecosystem is also difficult to assess, as
motor boat activity often goes along with increased development and impaired water quality. Many species
may simply move elsewhere if a particular body of water becomes too busy.

What can we do about it?

Buffer zones have been suggested for a variety of bird species, ranging from 100 to 180 m. Protecting
littoral zone habitat or known breeding areas with no-wake zones would help to provide this buffer, though
it would not climinate boat activity. Preventing access to undisturbed shorelines or areas may be
warranted if it can be shown that these areas provide a unique resource to wildlife populations. Loon
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nesting sites, heron rookeries, “turtle beaches,” and eagie wintering sites, would all be possible candidates
for such a restriction. In some cases, all human activity, not just motor boat use, may need 1o be restricted
in order to protect wildlife populations.

Also see:

Bratton, 8. P. 1990. Boat disturbance of ciconiiformes in Georgia estuaries. Colomn. Waterbirds;
13(2):124-128.

Mikola, J., M. Miettinen, E. Lehikoinen, and K. Lentild. 1994, The effects of disturbance caused by
hoating on survival and behaviour of velvet scoter Melanitta fusca ducklings. Biol. Conserv. 67:

119-124.

York, D. 1994, Recreational-boating disturbances of natural communities and wildlife: An annotated
bibliography. U.S. Dept. of Interior, National Biological Survey, Biological Report 22. 30 pp.

G. Personal Watercraft (“Jet skis™)

Introduction:

What do we mean by "personal watercraft?"

Personal watercraft (PWCs), commonly referred to as “jet skis”, include a variety of watercraft that are
designed for use by one or two individuals (though newer models are being developed for 3 people).

Riders either sit or stand, depending upon the design. Propulsion systems are generally quite different from
traditional outboard motors, making use of a water pump rather than propellers to move the craft through
the water. Steering is accomplished by ejecting the water at high force through a movabie nozzle. PWCs
are designed to be powerful and maneuverable and can operate in waters less than 12 inches deep.

Why are PWCs important in aguatic ecosystems?

Since the introduction of the first Jet 8ki in 1973, PWC use has skyrocketed throughout the country,
especially since the late 1980°s. It is estimated that 200,000 PWCs are sold annually in the U.S.,
representing 30% of all new sales of watercraft. They still represent a small proportion of overall
watereraft in use (about 1 million compared to 2 million outboards}, but on certain lakes and rivers, they
can achicve relatively high numbers. Along with the increase in numbers has come increasing conflicts
with other users, as they tend to be more noticeable and create noise and perceptions of reduced safety and
increased crowding, ‘

How might PWCs affect agquatic ecosystems?

PWCs can have many of the same effects as described in other sections. However, because of their unique
propulsion systems and use characteristics, this special section has been included to summarize studies that
have addressed the impacts of PWCs specifically. For example, PWCs are often criticized for the noise that
they produce, due to their frequent stops and starts and operation at full throttle. Most PWCs employ two-
stroke technology for their engines, thus making them a concern for their air and water emissions of
hydrocarbons and other pollutants. Because PWCs can be operated in shallow water, at high speeds, and in
remote areas not usually frequented by boats, disturbance to wildlife may be more of a concern than other
types of watercraft. Finally, while PWCs do not generally have propellers, the turbulence produced by the
jet propulsion may still disturb plant growth and sediments, especially during acceleration or turns when
the thrust may be oriented downward.

Studies:

Noise
Wagner (1994) described a study of PWC noise vs. outboard motor noise on a heavily used lake. The
study showed that the actual noise level (in terms of decibels) is not much higher than most other types of
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watercraft. The loudness decreased with distance from the watercrafi, such that the sound level was within
background levels at distances of 300 feet or more. However, the PWCs tended to have more variable
sound levels and a higher pitch than most other types of watercraft. These frequent changes in pitch tend to
make the noise more noticeable to human ears, and were usually the cause of complaints. Responding to
these concerns, PWC manufacturers have introduced quieter technology in recent years.

Disturbance to wildlife

Burger (1998) compared the effects of motorboats and personal watercraft on flight behavior over a colony
of common terns on an island in Barmegat Bay, New Jersey. The presence of any watercraft caused birds
to fly over the colony. However, personal watercraft caused more birds to flush than did motorboats,
particularly early in the nesting season (150-200 birds for PWCs compared to 20-30 for boats). Racing and
fast-moving watercraft elicited a higher response than slow moving boats, as did boats that operated outside
of the established channel. More birds flew in the air the closer the approach by a boat or PWC. The
proximity of watercraft and either the fast movement or noise of those operating at high speeds were the
most disturbing attributes, and tended to be those associated with PWCs. These disturbances may cause a
drop in breeding success for some colonies of terns.

Emissions
The California Air Resources Board (1998) has argued that emissions from PWCs on a per machine basis
are actually higher than that for a typical outboard motor, due to their larger horsepower, higher speed of

operation; and-sustained-high speeds.-Estimates-of 2-3-gallons of unburned fuel per hour are typical
However, it has been estimated that all outboard motors discharge 25-30% of their fuel unburned, not just
PWCs. The actual amount discharged is a function of speed, tuning, size of engine and other factors.

Physical impacts

The Personal Watercraft Industry Association (1997), found that PW Cs had no effects on water clarity
and seagrass disturbance in a shallow estuary at depths of 21-36 inches when operated on plane (20-30
mph). Some resuspension of fine sediments was documented during tests with frequent stops, starts, and
turns in a confined area, however. This study only considered effects of single Jet Ski runs, and did not
address cumulative impacts of sustained Jet Ski use in shallow water.

Conclusions:

What we do we know?

Available research into the impacts of PWCs on lakes and other water bodies is relatively limited. In
general, the issues that are raised in regard to PWC use apply to all motorized watercraft. There is some
evidence that noise and emissions are perhaps a bigger concern than for other types of watercraft, largely
due to the way in which the machines are operated {high speed, frequent stops, starts, and turns). One
study also showed that PWCs present a larger threat nesting waterbirds. PWCs may be more disturbing
due to their ability to access areas typically avoided or restricted to other types of watercraft.

What don’t we know?

Very few studies have been done which have documented physical impacts of PWCs on aquatic vegetation
or sediment resuspension. No studies have compared the effects of PWCs to those of outboard motors.
While PWCs may not have as much impact as a propeller-driven craft at a given depth, their operation in
shallower water may have more overall effect. This area of concern remains to be addressed.

What can we do about it?

Manufacturers have voluntarily been introducing quieter, cleaner burning machines in response to citizen
complaints and EPA rules requiring 75% reductions in air emissions from all marine engines by 2025.
Wisconsin currently has a no-wake rule for PWCs within 200 feet of shore, which effectively minimizes
the effect of PWCs on shallow water habitat. This no-wake restriction also reduces the noise level
experienced by people on shore. Enforcement of this no-wake rule would go 2 long way toward
minimizing the effects of PWCs. Restricting PWC use in natural areas or critical bird breeding areas may
be justified in some cases; however restricting ail motorized watercraft may be necessary to truly protect
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species of concern. Some states and the National Park Service have considered or enacted bans on PWCs
within their jurisdiction, largely based upon disturbance to wildlife and the noise issue.

Also see:
San Juan Planning Department. 1998. Personal Watercraft Use in the San Juan Islands. A Report

Prepated for the Board of County Commissioners, San Juan County, Washington.

Summary Section

Potential mechanisms by which boats impact aquatic ecosystems and the effects that
they can have on the aquatic environment. Shaded areas indicate where a
“Mechanism” has an “Effect.”

Mechanism: Emissions Propeller or Turbulence Waves Noise | Movement
Effect: and exhaust hull contact and wake ‘

Water Clarity
(turbidity, nutrients,
algae)

Water Qualiry
(metals, hydrocarbons,
other pollutants)

Shoreline Erosion

Macrophytes
{plant communities}

Fish

Wildlife
{(Birds, mammals, frogs,
turtles)

Human enjoyment
(air quality, peace and
uiet, safety, crowding)

What do we know?

While the effects of boats on aquatic systems are complex and depend on a number of factors, a few
general observations can be made. First, the physical effects of propeller, waves, and turbulence appear to
be more of an issue than engine fuel discharge. Water clarity, aquatic plant disturbance, and shoreline
erosion all are serious issues that can be exacerbated by boat traffic. Second, most of the impacts of boats
are felt most directly in shallow waters (less than 10 feet deep) and along the shoreline of lakes and rivers
not exposed to high winds (less than 1000 feet of open water), Third, these effects can have repercussions
for other features of the aquatic ecosystem, including the fish community, wildlife use, and nutrient status.
These observations all emphasize that the most important area of 4 lake or river to protect is the shallow-
water, near-shore habitat known as the littoral zone. Boats that operate in deep waters with large surface
arcas are not likely to be impacting the aquatic ecosystem.

What don’t we know?

Given these observations, there are still a number of unknowns regarding motor boat impacts. Most of the
studies that are summarized here have focused on the short term or acute impacts of boat activity, pollution,
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:

disturbance, sediment resuspension, etc. It is not very clear what role boats can play in the long term
changes of a water body, i.¢. changes in macrophyte community, overall water quality, or fish and wildlife
use. Many other factors influence these same features and many have changed along with boat activity.
For example, increased shoreline development often causes increased boat activity, vet it is difficult to
separate out which factor is more important for plant community changes. As another example, it has been
demonstrated that boats and PWCs can disturb breeding bird activity, but it is difficult to determine what
effect this may have on overall bird populations, due to the increasing amount of all human activities in
historic breeding areas of many bird species.

What can we do about it?
While specifics of boat use management will be covered extensively in other chapters, we will make a few
comments here regarding ways in which environmental impacts of boats can be reduced.

No-wake zones

Given that most impacts of boats are exhibited in shallow-water near-shore areas, protecting these arcas
with no-wake zones would be the most effective way of reducing impacts. No-wake zones have a dual
benefit by both slowing boats down and directing traffic elsewhere. Currently in Wisconsin, boats are
required to operate at no-wake speeds within 100 feet of piers, docks, and moored boats, while PWCs are
required to operate at no-wake speeds within 200 feet of the shoreline. Lakes less than 30 acres in size are

entirely no-wake. While established primarily for safety and navigation reasons, these restrictions appear to

be adequate for protecting against shoreline erosion, at least in déveloped Takes. Td Hiaily ¢ases; iowever,
these restrictions do not adequately protect shallow-water sediments or beds of aquatic macrophytes. Some
communities have extended no-wake restrictions to 200 or even 300 feet through local ordinances. These
extended no-wake areas have the potential to protect a much more significant proportion of the littoral zone
and may help to reduce shoreline erosion.

A much more useful way of establishing a no-wake area would be to determine the depth at which plants
grow in a given waterbody, and then establish a no-wake zone based upon water depth and vegetation
parameters. At minimum, a no-wake zone based upon a 6-foot depth would reduce disturbance to
sediments. A deeper depth threshold could be justified if the tops of plants come within 5 feet of the
surface, or if the sediments were particularly fine. These guidelines could then be coupled with the
minimum 100-foot no-wake zone to protect shorelines.

Restricted areas

In some cases, protection of aquatic resources may require resiticting all boat activity, not just speed.
Boats can stilt disturb plants, sediments, and wildlife at no-wake speeds. These types of restrictions need to
be based upon unique features of a resource and are often used to provide a certain type of experience on
remote or “wild” lakes. For example, to adequately protect waterbird breeding areas, 2 “puffer zone” of at
least 100 m {300 feet) has been suggested, in which all human activity would be banned. Similar arcas
could be established for emergent or floating-leafed plant beds, which may be impacted by boats operating
at any speed. Research on Long Lake in the Kettle Moraine State Forest — Northern Unit showed that no-
motor zones did a better job of preventing disturbance of submerged plants than simple no-wake zones
{Asplund and Cock 1999). Some lakes currently have electric-motor enly or no-boat restrictions, which
may help to protect particularly unique or sensitive natural areas. These types of restrictions need to
balance protection of the resource with the right of public access.

Enforcement and Education _

Many of the environmental problems associated with boat activity could be resolved with better
enforcement of existing ordinances or regulations and promoting awareness among boaters. Slow-no-wake
rules are often ignored or misunderstood by boaters, such that impacts to sediments, aquatic plants, and
shorelines oceur even in no-wake zones. Another important avenue is informing recreators about the value
of plants, littoral zones, and natural shorelines and how their activities may affect the aquatic ecosysterm. If
people understand that their activities may be hurting the ecosystem, they may be willing to confine their
activities to more appropriate places.
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Technology

Recent technology spurred by Federal air quality standards has the potential to reduce water pollution
impacts from outboard motors as well. All 2-stroke engine manufacturers, including traditional cutboard
motors and PWCs, must reduce air emissions by 75% by the year 2025. Most manufacturers have already
introduced cleaner burning 2-siroke engines and PWCs. Four-stroke engines, which use fuel more
efficiently, produce cleaner exhaust, and run more quietly than traditional 2-stroke engines, are becoming
much more commen. However, technology may have the opposite effect on physical impacts, as engine
sizes confinue to increase and PWC manufacturers continue to emphasize speed and power. The
consequences of operating bigger and faster machines in our inland waterways must continually be
addressed in the future.
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FEECUTIVE SUMMARY

Located in LaGrange County, Shipshewana Lake has a surface area of
202 acres, a mean depth of 6.7 ft., and a 4,675 acre watershed. Most of
the drainage from the predomimently agricultural watershed enters the
lake through two ditches: Cotton Lake Ditch on the south shore, and the
smaller Mud Lake Ditch to the west. Since the late 1970s, the water
guality and general «condition of Shipshewana Lake has declined
dramatically. The Indiana Department of Environmental Management {IDEM)
talculated an Indiana Lake Classification System (ILCS) Eutrophication
Index (EI) wvalue of 51 {oan a scale of 0 to 7%) for the lake {IDEM,

1986). Currently, Shipshewana Lake appears to be in the most extreme

gtages of euwtrophication.  AI1 1ake uses have been severely impaired:
swimming has been banned, boating is hampered by algae scums and clumps
of bottom material bucyed by gas bubbles, and fishing has declined

precipitously.

The cbjectives of this feasibility study were to assess the current
eutrophication-related problems of Shipshewana Lake, identify the sources
of the problems and their relative contributioas, and develop
recommendaticons for a restoration program that will provide a reasonable

probability cf success in improving the guality of the lake.

The lake water gquality data collected were characteristic of shallew
productive lakes. An ILCS EI value of 53 was calculated from the data,
indicating that there has been a deterioration in the lake's trophic
status. Surficial sediments were observed to be primarily composed of
silt/clay with a significant organic coutent. There was a distinctly
flocculant layer at the surface of the lake bottom that appeared to
consist largely of dead algae cells. This unconsolidated flocculant
material represents a significant source of internal nutrient loading to

the lake.
Cotteon Lake and Mud Lake Ditches appear to be significant sources of

sediment and nutrient lcading to Shipshewana Lake. Agricultural and

‘urban non-peint socurce pellution is the principle source of nutrients



entering the lake. A significant component of this pollution consists of
animal wastes that are not being adequately controlled in the watershed.
In addition, livestock access to streams is resulting in stream bank
erosion and deposition and transport of wastes directly into the streams.
The urban area in and arcund the town of Shipshewana appears to be a
significant source of nutrient contamination. Within this subbasin, a
flea market, livestock auction house, and Ffertilizer plant are the most
probable sources of significant discharges. There may be some leakage
from the town sanitary sewer system or septic fields, as indicated by

fecal ceoliform/fecal streptococcus ratios characteristic of human waste.

Restoration of Shipshewana Lake must include a significant reduction
in external nutrient loading tec the lake along with a reduction in
avallable internal nutrients in the lake. Implementation of Best
Management Practices (BMPs) throughout the watershed should begin with an
extensive education pregram designed to make all farmers, businessmen,
and residents aware of the issues surrounding the decline of Shipshewana
Lake and the activities that result in nutrient contamination of runoff.

)JThex next step should be providing guidance in  selection and’
implementation of appropéiate practices, with emphasis on animal waste
management, erosion control, and fertilizer contamination. Consideration
should be given to construction of artificial wetlands, or similar
treatment facilities at the mouths of the twe ditches that discharge into

the lake,

An over-winter lake drawdown is recommended to consolidate the loose
organic sediments, reduce nutrient availability from these sediments, and
provide some preventative action against the development of nuisance
aguatic weeds as water guality improves in the future. Drawing the lake
down by approximately 8 ft. will expose most of the organic sediments and
allow a deep pool te remain for fish. Limited physical removal of
sediment should be considered in certain areas where the organic material
is especially thick. Installation of a water control structure at the

cutlet of the lake should also be considered.



It may be possible to take no in-lake actions and realize a
significant long-term reduction in internal nutrients through washout.
Under significantly reduced external loading, the lake will begin to
export nutrients until a new equilibrium is reached between nutrient
inputs and losses. The relatively short detention time of tﬁé lake
{i.e,, 2-3 months) should expedite this process. It is possible that
this new trophic condition will be satisfactory for renewed use of the

lake.




SECTION 1. INTRODUCTION AND BACXKGROUND
1.1 SHIPSHEWANA LARE AND WATERSHED

Located in LaGrange County., Shipshewana Lake has a surface area of
202 acres (Figure 1). The shores of the lake are heavily developed with
single family residences and a youth camp. There is a state-owned public
access site with a cement boat ramp on the south shore. The 4,675 acre
watershed is predominantly agricultural, and most of the drainage enters
the lake through two ditches: Cotton Lake Ditch on the south shore, and
the smaller Mud Lake Ditch to the west. The lake discharges into Page
Ditch through a sheet-pile dam on the eastern shore that was constructed

in the early 1%60s.

The lake has always been relatively shallow (i.e., mean depth of 6.7
ft. and maximum depth of 14 ft.), with a bard hottom of marl and sand.
Aerial pheotographs taken in 1938 indicate that the lake was entirely
surrouaded by wetlands, except for the eastern shore which was forested
{(Grant 1988). At that time, Cotton Lake Ditch discharged inte a large
wetland area adjacent to the outlet of the lake. The watershed consisted

of approximately 1,875 acres of cropland, with residential development

limited to a few cottages on the southern-most shore of the lake.

By 1965 the eastern shore of Shipshewana Lake was fully developed
with residential housing, and Cotton Lake Diteh had been diverted into
the lake to provide lake access to land owners along the ditch. This
diversion added 2,300 acres to the total watershed area, including 87
acres in the town of Shipshewana. Cotton Lake Ditch drains through twe
ponds (the Fish Ponds), the larger of which has a surface area of 5

acres, while the smaller pond is approximateky one acre.

The most recert available aerial photograph, taken in 1986, shows
the development of the western shore of the lake where a marsh previously
existed at the mouth of Mud Lake Ditch. The marsh was drained and filled

with dredged material from adjacent marsh and the lake. In additi;oqtﬂpi.



several channels had been excavated around the lake to provide lake

access to new developmenkt.

Significant features im the watershed include two facilities in the
town of Shipshewana that draw upwards of 30,000 visiters and egurists to
the area weekly between May and September: a cattle and horse auction
facility, and a2 very large flea market. The town of Shipshewana has a
sanitary sewer system. The sewage treatment plant discharges iato Page
Ditch, downstream of Shipshewana Lake. Stormwater runoff 1is by sheet
flow, street gutters, and storm sewers that eventually discharge into
Sarah Davis Ditch (Figure 1). The surrounding farming community is

predominantly Amish, and farming techniques are typical of those commonly

practiced@ in the late 1800s. Horse drawn vehicles are commoen and

ubiquitous throughout the community.
1.2 NATURE OF THE PROBLEM

Since the late 19703, the water guality and general condition of
Shipshewana Lake has declined dramatically. The lake was classified as a
Class Three lake (i.e., lowest quality, advanced eutrophic) by the
Indiana Department of Environmeatal Management (IDEM) in the Indiana Lake
Classification System and Management Plan (1986). This classification
was based, in part, om a total phosphorus (TP} congentration of 0.045
mg/l and a Secchi disc transparency of 3.0 ft. A Eutrophication Index
value of 51 was calculated for the lake, on a scale of 0 - 75. The lake
was defined as being in the IV-A Lake Management Group: relatively
shallow lakes that have the potential for being restored through

dredging, bottom sealing, or sediment consolidation.

Shipshewana Lake appears to be in the most extreme stages of
eutrophication. Massive blooms of blue-green algae have become common
during the growing season. Secghi disc transparency has declined to
approximately 0.5 ft. The hard lake bottom has been overlain by a thick
and unconsolidated layer of corganic sediment. Reducing (i.e., anoxic)
conditions persist in this layer and in the water column above it during

ARy
the peak growing season, as evidenced by total depletion of dissofve'd
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SECTION 3. DISCUSSION

This section presents an evaluation and discussion of the data that
were collected and reviewed for this study. The objective was to develop
2 clear definition of the current conditions in Skipshewana Lake and the

mechanisms that have been responsible for these conditions,

3.1 TROPHIC INDEX ASSESSMENT

The Indiana Lake Classification System (ILCS) provides a mechanism
Lor quantifying the current trophic status of Shipshewana Lake. An ILCS
Eutrophication Index (EI) value of 51 was calculated for Shipshewana Lake
using the water quality data collectead during the field survey. Table 10

presents the details of the calculation.

There is one source of uncertaiaty in the EI calculation that shaould
be noted. The samples for total organic nitrogen (TON) were destroyed in
shipment. This is one of the parameters redquired for the index wvalue
calculation. Fortunately, the structure of the EI is such that a
reasonably confident score may be estimatad by inference from the other
nitrogen censtituents. Specifically, the mean NH3 concentraticn was
observed to be 0.85 mgs/l. TON includes NH3, plus other organic forms of
nitregen {e.g., particulate). Therefore, TON must be egqual to or greater
than 0.85 mg/i. Historical data (Table 1) indicate that total nitrogen,
which is the sum of TON plus nitrates and nitrites, is typically 3.5 to
19 times greater than NH3, Under these circunstances, the TON component
of the BI has two possible scoring ranges: 0.9 - 1,9, and 1.9 mg/l,
Conservatively, it may be confidently assumed that TON falls within the
lower range, anrd this assumption was used in calculating the index
value. The index value would have been one point higher, or 54, if TON

were actually in the higher range.
An EI value of 51 was reported by IDEM (1986) for Shipshewzsna Lake.

The current value of 53 indicates that there has been a deterioration in

the lake's trophic status. This substantiates the qualitative
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TABLE 10. ISBH LARE EUTEOPHICATIO& INDEZX
Shipshewana Lake - 9/13/88

RANGE RANGE
PARAMETER AND RANGE VALUE OBSERVED POINTS

Total Phosphorus {mg/1)
At leaskt 0,03
0.04 - 0.05
c.06 - 0,19
0.2 - 0.99
Greater than 0.99

(3, UL
£
oo woo

Soluble Phosphorus (mg/1)
Less than 0.03
At least 0.03

0704 =005

0,06 - 0.19
0.2 - 0.99
Greater than 0.99

L WO
COoOCc OO

Organic Nitrogen {mg/1)
At least 0.5
0.6 - 0.8
0.9 - 1.9
Greater than 1.9

W W
[= =]

Nitrate (mg/l1}
At least 0.3
0.4 - D.8
0.9 - 1.9
Greater than 1.9

S ow e
™
o woa

ammonia (mg/1)
At least 0.3

0.4 - 0.5

0.6 - 0.9
Greater than 0.9

oW b
o

Percent Saturation DO @ 5 ft,
ils
115 - 119
120 - 12¢%
130 -~ 149
Greater than 149

W M= O
o0 Qa+Ho

Percent of water column with DO 0.1 ppm
29
29 - 49
‘50 - B5
66 -~ 75
76 - 100

A H N W
acoc oo
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TABLE 10. ISBH LAKE EUTROPHICATION INDEX
Shipshewana Lake - 9/13/88 {concluded}

RANGE RANGE
PARAMETER ARD RANGE VALUE OBSERVED POINTS

Secchi Transparency
Five feet or less ] X 6

Percent Light Transmission at 3 ft
0 -~ 30
31 - 50
51 - 70
71 - 100

f=
OO0 OB

Total Plankton per ml
Vertical tow from 5 ft.
500
500 - 1,000
1,000 - 2,000
2,000 - 3,000
3,000 - 6,000
6,000 - 10,000
Greater than 10,9000
Blue-Green Dominance?

O 0O 0 00

-
O W R WwN RO

Vertical tow from 5 ft. incl. thermocline

1,000

1,000 - 2,000

2,000 - 5,000

5,000 - 10,000

10,000 - 20,000

20,000 - 30,000

Greater than 30,000

Blue-Green Dominance?
100,000

—
nnowmkewNnPe a

L
-
Mo oOoCcCoooO

Total Eutrophy Score 53

~37-



observations provided by residents of the surrounding commuanity that the

condition of the lake has declined.
3.2 HYDROLOGIC CONDITIONS

The principal hydrologic parameter of interest in evaluating the
trophic status ¢f Shipshewana [Lake and developing a restoration strategy
is hydraulic detention time. ' This is defined as. the average time
required for the velume of the lake to be completely replaced, and may be

astimated from annual runoff, watershed area, and lake valume.

FRe TS GRS IS IEE] T SHEVEY HEY "pubTished "average~annual-runoff--data

for the 48 ecoterminmous states. The region containing LaGrange County has
an average annual runoff of approzimately 12.5 inches. Thus, the 4,825
acre Shipshewana Lake watershed may be expected to produce approximately
4,670 ac-ft. of runoff annually. In addition, the lake will receive
approximately 38 in. of direct rainfall annually, and lose approximately
26.4 in. in evaporation. Based on a mean depth of 6 Et. and a surface
area of 202 acres, Shipshewana Lake has a volume of approximately 1210
ac-ft, Thus, the lake's detention time was estimated tec be approgimately

0.24 yr., or about B8 days. This is a relatively short detention time.

Short detention times in lakes result in rapid flushing and
retention of a relatively smaller fraction of total nutrient loading than
would be retained iﬁ similar lakes with longer detention times (Reckhow.
et al. 1978). From the perspective of lazke restoration, this means that
Shipshewana Lake is likely to have a relatively rapid response to a
reduction in external nutrient loading. Moreover, accumulated sediment
nutrients will be subject to reduction by flushing effects as released
putrients are washed out of the system and not replaced by external

loads.
3.3 WATER QUALITY

Te~ in-situ water gquality data indicate that GShipshewsna Lake was
generally well mixed and not thermally stratified when sampled. The

observed water column temperature and dissolved oxygen profiles are
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characteristic of relatively shallow productive lakes strongly influenced
by wind mixing. Supersaturation of the water column reflects a highly
productive algal population. The surficial organic sediments appear to
be highly reduced and anoxic, as indicated by gualitative observations of
the black color, sulfurous ador, and presence of gas bubbles in these

sediments,

The nutrient concentrations observed in the water samples are
characteristic of eutrophic systems. The mean TP concentration for
in-lake stations (i.e., SL-1, SL-2, 8L-3, and SL-4) was relatively high
(0.090 mgs1l) while the mean 1=‘04 concentration was near the detection
limit (0.010 mg/l). These data indicate that most of the phosphorus in
the water column was in particulate form, probably as algal biomass, ang
that phospheorus is the limiting nutrient. It is noteworthy that the
recent historical data indicated TP concentrations significantly higher
(0.38 mg/l in June 1988) than those observed during this investigation.
Spatial and temporal variability in water quality parameters reflect the
fundamental instability of eutrophic systems (Barica 1980). Seascnal and
transient meteorclegical effects serve as driving influences on these
lakes, Therefore, observed nutrient cencentrations are expected to be

inherently variable over relatively short periods of time,

The mean N[-[3 and NOE—NO2 concentrations at the in-lake
stations were 0.85 mg/l and 1.47 mg/l, respectively. Significant
concenkrations of these soluble forms of nitrogen indicate that nitrogen
is not the limiting nutrient to algal growth in Shipshewana Lake, This
substantiates the conclusion that phosphorus is the limiting nutrient in

the lake,

The high autrient concentrations observed at the stations aleng
Cotton Lake Pitch indicate that this stream represents a significant
source of phosphorus and nitrogean to Shipshewana Lake, even under low
flow conditions, Several likely sources of nutriemts were identified
during the watershed reconnaissance, including livestock auction and flea
market facilities in the town of Shipshewana. and a fertilizer plant

adjacent te the Fish Ponds. However, runoff from these sourges enters
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the inflow stream downstream of Cotton Lake. The very high levels of TP
(0.2 mg/l) present in Cotton Lake and the emerald green color of the
water observed during the site visit (indicating a concentrated bloom of
bluegfeen algae) imply a significant nutrient scurce upstream of Cottoﬁ
Lake. Interestingly, the upstream station (CL-7) data showed relatively
low TP and P04 concentrations, - and relatively high 1*3(.')3-11()2 and
NH3 concentrations. The sample appeared to be dominated by soluble
forms of nitrogen; TSS and CHLA were very low. Much of the land upstream
of Cotton Lake is agricultural, although there is also a mobile home camp
within the subbasin. The data are insuffigient to characterize the

source of the contamination conclusively, but there appears to he a very

significant source of nutrients in the upper reaches of the Cotton Lake

subbasin.

Mud Lake Diteh is another significant source of nutrients to
Shipshewana Lake, but primarily under storm flow conditions. At low flow
conditions, the discharge £rom the ditch was negligible and Mud Lake
(MD-4) had relatively low nutrient concentrations and suspended solids.
In contrast, the storm samples collected in the iower reaches of the
ditch on September 20 had very high nutrient and suspended solids
concentrations. In particular, concentrations of the soluble nitrogen
fractions (NHE and NOa-NOZ) were the highest observed in any samfle
(4.80 mg/l and 14.0 mg/l, respectively).

Although the base flow fecal coliform and fecal streptococcus cell
counts were relatively low, the ratios of fecal coliform to fecal
streptococcus (FC/FS) may provide information omn possible sources of
polliution {(Table 6)}. A ratio greater than 4.1 is considered indicative
of pollution derived from domestic wastes (human) whereas ratios less

than 0.7 suggest pellution due to nonhuman sources (Metcalf & Eddy

1379). Ratics between 0.7 and 4.4 usually indicate wastes of mixed human .

anad animal sources. Using these values as a guide, the Cotton Lake
{inflow would appear to be affected primarily by human wastes in and
immediately downstream of the Fish Ponds and in the upper part of the
watershed. Those portions of the stream between Cotton Lake and the Fish

Ponds {including Sarah Davis Ditch) appear to be contaminated by a
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mixture of human and animal wastes. Because of the low cell counts
involved in calculating the raties, any inferences must be interpreted as

being suggestive, but not conclusive.

The Mud Lake Ditch discharge FC/FE ratios indicate that significant
contamination is occurring under storm flows, probably £rom poultry
wastes. It is signifjcant that the total numbers of fecal coliform and

fecal streptococcus were very high at the MD-1 station on October 18,

3.4 ALGAE POPULATICONS

The phytoplankton data indicate that Shipshewana Lake has a highly
productive algae population, dominated by blue-green species. This is
typical of highly eutrophic systems. Although the observed water column
data indicate nearly complete oxygenation throughout the water column,
the presence of such a productive and diverse algal community presents a
serious threat of a population blcom-collapse cycle {Mericas, et al
1985). Under optimum envirermental and meteorclegical conditions, such
as a prolonged period of clear skies, warm temperatures, and calm winds,
zlgae populatiens reach very high concentrations which are not
sustainable under normal conditions. When conditions change, with the
passage of a weather system for example, the unstable population
collapses, resulting in a near-complete decxygenation of the water column
as the algal biomass decomposes. In addition to the impacts on aguatic
organisms, these bloom-collapse events present aesthetic problems such as
odors and unsightly scums. Although there is no evidence of toxic
effects in Shipshewana Lake, certain blue~green species, including

Anzhaena sp. and Aphanizomenon flos-aquas present the potential for texic

effects.
3.5 LAKE SEDIMENTS

The lake sediment core wisual and analytical data indicate that the
surficial sediments in Shipshewana Lake are primarily composed of

silt/clay with a significant organic content. The cores taken at SL-1,

§L-2, and SL-4, had a mean organic content of 34.8 percent. This is on
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the lower end of the range of organic content reported by Wedepohl et.
al. (1983} for seven glacial lakes in Wisconsin. There was a distinctly
flocculant layer at the surface of aach of these cores that appeared to
copsist largely of dead algae cells, This type of unconsclidated
flocculant material typiéally contains large concentrations of mnitrogen

and phosphorus.

The very low organic content observed at the B5L-3 station is
probably - indicative of a spring in that area of the lake. The
heterogensity of organic sediment in the lake is evident from the

variability among stations. In addition, a comparison of the lecation of

8073 "and the Torganic SEGiRMEHY T @epthTTmap” —{Figqure-—§)---indicates...that

substantial differences may occur within close proximity. Again, springs
in the bottom of the lake would account for this variability.
Unfortunately, precise definition of the locations and flow of springs in

the lake was beyend the scope of this investigatica.

The observed characteristics of the surficial sediments in
Shipshewana Lake indicate that they are probably a significant source of
internal nutrient loading, especially under the anoxic conditions that
appear to predominate at the sediment-water interface. With a
significant reduction in external nutrient loading, this internal
nutrient source may be sufficient to sustain entrophic conditions, albeit
less severe than currently ezist ia the lake. Any restoration effort

must address the problem of significaat sediment nputrient release.
3.6 LAND USE

The review of land use in the watershed revealed several specific
activities and general practices that represent potential sources of
putrient loading to Shipshewana Lake. The identification of these
specific nutrient sources is based on the nature of the activities at
each location and literature data on nutrient loading associated with
those types of land use. Sampling and quantification of specific
nutrient sources was beyond the scope of this investigation, and is not

anticipated as being required to define a restoration strategy. However,
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SECTION 5, CONCLUSIONS AND RECOMMENDATIONS
5.1 CONCLUSIONS

Shipshewana Lake is suffering from excessive nutrient enrichment and
is rapidly moving from eutrophic teo hypereutrophic eonditions. The
evidence for this lies in elevated nutrient concentrations found in the
lake, the increasing freguency and severity of algal blocms, the
dominance of blue-green algae in these blooms, and the observed increase
in the lake's Eutrophication Index score. A significant layer of
flocculant organic sediment is resulting in accelerated nutrient cycling
between the sediments and water column., and generally anaerobic

conditions on the lake bottam.

Agricultural and urban nop-point source pollution is the principle
source of nutrients entering the lake, A significant compenent of this
pollution consists of animal wastes that are oot being adequately
controlled in the watershed. The most severe individual animal waste
problem observed was at the duck farm en Mud Lake Ditch where the
existing waste settling tank was observed to be full to capacity. In
addition, livestock access to streams is resulting in stream bank erosion

and depositicn and transpart of wastes directly into the streams.

The urban area in and around the town of Shipshewana appears to be a
significant source of rutrient contamination. Within this subbasin, the
flea market, livestock auction house, and fertilizer plant appear to be
the most probable scurces of significant discharges. In additien, there
may be some leakage from the town sanitary sewer system or septic fields,

as indicated by fecal coliform/fecal streptococcus ratios.

Restoration of Shipshewana Lake must include a significant reduction
in external nutrient loading tec the lake aloag with a reduction in
available internal nutrients in the lake. This may be accomplished
through an integrated program of implementation of agricultural and urban
best management practices throughout the watershed and mitigation

measures in the lake. Of the in-lake alternatives, the most economical
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and 1likely to succeed will be a drawdown to promote sediment
consolidation and inhibit nuisance macrophyte development. Limited
mechanical dredging may be possible while the lake level is down, and

will be beneficial to the lake.

It may be possible to take no in-lake actions and realize a
significant long-term reduction in internal nutrients through washout.
Under significantly reduced external lopading, the lake will begin to
expart nutrients until a new equilibrium is rveached between nutrient
inputs and losses. It is possible that this new trophic condition will

be satisfactory for renewed use of the lake.

5.2 RECOMMENDATIONS

A restoration of Shipshewana Lake is warranted by the current
putrophic conditions and the impajrment to recreational uses that these
conditions have caused. The restoration should include a combination of

reduction in external nmutrient load and internal nutrieat cycling.

Implementation of EMPs throughout the watershed should begin with an
extensive education program designed to make all farmers, businessmen,
and residents aware of the issues surrounding the decline of Shipshewana
Lake and the activities that result in nutrient contamination of runoff.
Qnee the population has been made aware of the mature of the problem, the
next step should be providing guidance in selection and implemenﬁation of
appropriate management practices. Emphasis should be placed on animal
waste management, erosion contrel, and fertilizer contamination. This
program should be conducted in  conjunction with the County

Conservaticnist's office and the S5C5.

Wetland areas historically existed at the mouths of Cotton Lake
Ditch and Mud Lake Ditch. Serious consideration should be given to
construction of artificial wetlands at the mouths of ‘these two
discharges. Such wetlands will serve to further reduce sediment and

nutrient loading to the lake through treatment of the ditch discharges.
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In-lake restoration efforts should only begin after the
implementation of contrels in the watershed. Premature in-lzke
mitigétion efforts are likely to be undone by continued loading from the
watershed., An over-winter lake drawdown is recommended to consolidate
the loose organic sediments, reduce nutrient availability from these
sediments, and provide some preventative action against the developmant
of nuisance aquatic weeds as water quality improves in the future,
Drawing the lake down by approximately B8 f£t, will expose most of the

organic sediments and allow a deep pool to remain for fish.

A certain amount of dredging wilt be required to provide a drainage
chaanel between the deepest part of the lake and the lake outlet. While
the excavation machinery is on-site Ffor this dredging, additiomal limited
physical removal of sediment should be considered in accessible aresas
where the organic material is especially thick. An additional
construction activity that should be comsidersd is the installation of a
water control structure at the outlet of the leke that would allow
periodic drawdowns in the Ffuture for lake. maintenance (e.g., weed

control, fisheries renovations, and dredging}.
5.3 FUTURE ACTIONS

Consistent with the structure of the Indiana Lake Enhancement
Program. the next step in the restoration process should he a Design

Study, followed by implementation of the restoration activiries,

5.3.1 Design Study

A Design Study should be conducted with the following objectives:

L] Tdentify and design site specific BMPs for the majer sources of
nutrient contamination in the watershed {i.e., 1livestock
auction, flea market, ferciliger plant. livestock heolding
areas). This should be done in close cooperation with the

District Coaservationist and the sCS.
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[ Design artifieial wetlands, sediment traps. or similar

treatment systems for the discharges of Cotton and Mud Lake

Ditches.
¢  Design and plan a lake drawdown to provide a reduction in lake
levei of approximately 8 ft. This plan should include

specifications for the excavation regquired for adequate
drainage, opportunistic dredging that might be conducted in
association with the drawdown, disposal of the excavated
material, coastruction of an outlet structure to facilitate

future drawdowns, and permits that may be reguired.

. Conduct an environmental impact assessment of downstream

effects of an extended drawdown of Shipshewana Lake.

L] Investigate funding cptions available to supportt the

restoration implementation.

» Prepare and submit application packages for permits and
funding.

5.3.2 Restoration Implementation

The restoration effort should begin with implementation of BMPs for
controlling contaminated runcff throughout the watershed. Iv will
probably take several years for most of the individual landowners,
businessmen, and farmers to coustruct on-site controls. During this
period all regional facilities, such as detention ponds, wetlands, and

sediment traps should be constructed.

A drawdown of Shipshewana Lake should be conducted after most of the
watershed controls have been put inte operation., The drawdown should be
scheduled to begin in September or October to allow the lake to fully
drain and the exposed sediments tvo dry prior to the onset of Winter snow
and ice cover. All excavation, dredging., and construction should be
scheduled for this period as well, The lake should be allowed to refill
in the following Spring. The available hydrolegic information indicates
that the lake will refill withia 2 to 3 months.
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Planktonic Algae in Ponds

William E. Lynch Jr.
Extension Associate, Aquatic Ecosystem Management
School of Natural Resources

Many pond owners are familiar with the problems
caused by filamentous algae. The stringy, fast-
growing algae can cover a pond with slimy, lime-green
clumps or mats in a short period of time. Fortunately,
products are available to assist the owner in controlling
filamentous algae (Ohio State University Extension Fact
Sheet A-3-98 Controlling Filamentous Algae in Ponds).
Planktonic algae are another group of algae common to
ponds. These algae are critical to a pond’s food chain as
they provide food for the microscopic animals that in
turn are eaten by freshly-hatched fish fry. Occasionally,
planktonic algae can “bloom” to nuisance levels which
may necessitate using control methods.

What are Planktonic Algae?

These algae are microscopic free-floating plants. They
are suspended in the top few feet of water of a pond or
lake where light is bright enough for them to produce
food by photosynthesis. The planktonic algae commu-
nity in ponds is typically composed of green algae, blue-
green algae, diatoms, and euglenas. Some species of
planktonic algae, primarily blue-greens, can be toxic to
animals and impart an odor or taste to the water.

Seasonal Abundance

Planktonic algac are least abundant in winter when
cold water temperatures inhibit their reproduction and
growth. This is why most ponds are their clearest in
winter. As ponds warm in April, reproduction by algae
increases greatly and the spring algae “bloom” occurs.
The pond’s water becomes distinctly less clear, with water
color becoming greenish or brownish depending on the
algae species present. In late April and May, reproduc-
tion by various microscopic animals {rotifers and daph-
nia, for example) creates large populations of these ani-

mals which begin to “crop” the algae bloom. The water
becomes clearer. Once water temperatures reach about
72 degrees F, the microscopic animal population declines
rapidly through decreased reproduction and predation by
small fish fry. This allows the planktonic algae to re-
bound, but usually not to levels of April. In most ponds,
planktonic algae levels remain stable throughout the
summer unless there is a sudden, unexpected source of
new mnuirients to cause a “summer bloom.” As ponds
cool in fall, abundance slowly declines to winter levels.
Many ponds become noticeably clearer during fall as
algae abundance declines.

When are Planktonic Algae a Problem?

Planktonic algae blooms are rarely a problem for Ohio
pond owners, but when they do occur the blooms cause
considerable concern. Algae blooms cause the water to
appear pea soup green or brown in color, Severe blooms
often create the appearance of green paint being spilled
on the pond’s surface. For the pond owner who desires
a clear pond for swimming or for aesthetic reasons, this
situation is unacceptable.

Severe algae blooms can cause problems for fish. If
the bloom dies-off suddenly, a fish summer kill can re-
sult due to oxygen depletion, Bloom die-off can be caused
by weather changes, a sudden decrease in nutrient ley-
els, or treatment of the pond with an herbicide. Addi-
tional information on fish summer kill can be found in
Ohio State University Extension Fact Sheet A-8-01
Winter and Summer Fish Kills in Ponds.

What Causes a Nuisance Bloom?

Like all plants, algae require nutrients to grow and
reproduce. Because algae are free-floating, they must
get those nutrients from the water. They have no ability



to obtain them from the pond bottom. Thus, the higher
the nutrient level in the pond, the more algae you will
have. At slightly higher nutrient levels, the algae com-
munity is often dominated by filamentous algae. This is
particularly true during summer. At very high nutrient
levels, the algae blooms are typically composed of plank-
tonic algae rather than filamentous algae. Fortunately,
few Ohio ponds have very high nutrient levels unless
they are receiving unwanted nutrients from the pond’s
watershed,

There are many possible sources of excess nutrients
that might enter a pond and cause a nuisance bloom.
Some of the more common sources are fertilizing grass
around ponds, too many geese, run-off from livestock
operations, and leaking septic systems. Another common
cause of summer planktonic algae blooms is the sudden
release of nutrients from dying aquatic vegetation or
~-filamentous-atgae- that has been treated with.an herbicide

A-9-02—page 2

If a pond is experiencing a severe nuisance algae
bloom, the owner should perform the above investiga-
tion but may want to postponc implementation until
winter if fish are important. As mentioned previously,
the sudden depletion of nutrients to a pond with a severe
ongoing algae bloom could cause a summer fish kill. In
this case, it makes sense to allow coolet fall weather to
decrease the algae bloom and then implement a plan to
prevent new blooms the next year.

In some situations, it may be impossible to eliminate
or substantially reduce unwanted nutrients from entering
a pond. Uncooperative neighbors is a common reason
for this. A preventative control method is the use of an
aquatic dye, such as Aquashade, to prevent initial growth
early in spring. The dye must be added by April 1 to
insure prevention of that year’s algae blooms. A draw-
back to the use of dyes is that reducing the production
of planktonic algae impacts the pond’s food chain. Less

Again, the more excess nutrients added, the more likely
the resulting bloom will reach nuisance levels.

Prevention and Treatment

Prevention—Preventing an algae bloom is always
preferable to the expense of treating with an algaecide to
eliminate it. If 2 pond owner wishes to avoid a nuisance
bloom, he or she should investigate the pond’s water-
shed and determine potential sources of excess nutrients.
If sources are found, then a plan to climinate the source
should be developed and implemented. This may require
working closely with neighbors.

production at the bottom of the food chain can mean
fewer pounds of fish in the pond. Many owners of very
nutrient-rich ponds consider this an acceptable outcome
when using the dyes.

Algaecide—A nuisance planktonic algae bloom can
be quickly reduced with the use of liquid chelated cop-
per compounds, such as Cutrine-Plus or Algae-Pro.
Again, it is important to note that a sudden summer die-
off of algae can cause a fish kill. Planktonic algae have
a very high reproductive rate, so re-bloom may occur in
just a few weeks following treatment. Several trealments
may be necessary for seasonal control.

F Disclaimer

This publication contains recommendations that are subject to change at any time. These recommen-
dations are provided only as a guide. No endorsement is intended of products mentioned, nor is
criticism meant for products not mentioned. The author and Ohio State University Extension assume
no liability resulting from the use of these recommendations.

Visit Ohio State University Extension’s web site “Ohioline” at: http://ohieline.osu.edu

All educetional programs conducted by Ohio State University Extension are available to clientele on a nondiscriminatory basis withoul regard to race, color, creed, religion,

sexual crientation, national origin, gender, age, disability or Vietnam-era veteran status.

Keith L, Smith, Associate Vice President for Ag. Adm. and Director, OSU Extensicn
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CHANGES IN PHOSPHORUS CONCENTRATIONS
DUE TO MIXING BY MOTORBOATS IN
SHALLOW LAKES

Youser A. YOUSEF,* WALDRON M. McLeLLoN* and HereerT H. Zesuthi

University of Central Florida, Engineering and Industrial Experiment Station.
College of Engineering, P.O. Box 25000, Orlando. FL 32816 U.SA.

(Received November 1979)

Abstract—Recreational motorboats equipped with engines varying Irom 28 to 165 horsepower were
operated at three selected Central Florida lakes. Also, a pair of isolation chambers representing aguatic
habitats were placed in each lake for control and mixing studies. Mixing in isolation chambers was
performed by small clectrical motors connected to two blade propellers.

Agitation of the water column in the lake mixing stations and inside the isolation chambers increased
water turbidities and phosphorus concentrations. The increase in turbidity and phosphorus content
accurred at a much higher rate than the rate of decline after cessation of mixing. The increase in
phosphorus content could result in an increase in lake productivity as noticed from the increase of
chlorophyll a4 concentrations in lake mixing stations,

INTRODUCTION

Phosphorus has usuaily been considered the limiting
nutrient in most aguatic systems (Fitzgerald, 1970;
Syers. 1973. and USEPA, 1976). The amount of phos-
phorus present in most aquatic organisms has been
found to be only a small percentage of their total
weight. However, phytoplankton can absorb more
than ten times their normal content of phosphorus
and store it for future use. Zooplankton and littoral
macrophytes also absorb and store orthophosphate
directly from the water column. In environments rich

in phosphorus, the luxury phosphorus is usually -

stored in the form of polyphosphates which have been
found to comprise up to 20% of the cell dry weight
{Hooper, 1973).

The suspended plankton in a water column settle
and become part of the sediment. Sediment phos-
phorus content has been observed to be generally
highest near the sediment-water interface and de-
creasing with depth as illustrated by sediment phos-
phorus profiles in several Florida lakes (Stewart,
1976). Phosphorus in the sediment is present in both
the soluble and insoluble states (Syers et al, 1973;
Williams & Mayer, 1972; Williams er al., 1971).

Mixing of the sediments and the overlying water
occurs due to natural and man-made processes. Prin-

Presented to 1979 North American Lake Management
Conference, Kellogg Center for Continuing Education,
Michigan State University, East Lansing, Michigan, April
16-18, 1979

* Professors of Engineering, Civil Engineering and En-
vironmental Sciences Department.- University of Central
Florida, Orlando, Florida.

t Environmental Specialist, Florida Department of
Transportation, Deland, Florida.
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cipal processes of natural mixing have been found to
resutt from thermal gradients, wind and pressure
waves, mobility of organisms, such as insect larvae
and worms, and the formation of gas bubbles and
pockets, cither methane, carbon dioxide, or oxygen.
Man-made mixing resulis from recreational activities
such as boaling znd artificial mixing of the lake. Mix-
ing of the sediments and the gverlying water would
have a number of effects on the phosphotus concen-
trations and forms present in the sediment. Interstitial
water, containing up to fifty times the concentration
of soluble ortho-PQ,, would be mixed with the over-
tying water. After resettling, phosphorus contained in
fower sedimemnts and interstitial waters could diffuse
upward, replacing the supply of orthophosphate lost
to the water column. It has been reported that
19-65% of the inorganic phosphorus absorbed by
bottom sediments is exchangeable (Li et al, 1973}
Continued mixing would increase the rate of phos-
phate exchanged (Kuo & Lotse, 1974). Also, contact
with aerobic Jake water would cause some ortho-PO,
1o be lost to the water column with the conversion of
ferrous hydroxide associated with sediments to ferric
oxyhydroxide and the resultant decrease in its adsorp-
tive capacity. In addition, bacteria on the now aerobic
particles would exhibit a rapid uptake of inorganic
phosphorus. Soluble organic phosphotus is released
from both phytoplankton and bacteria (Lean, 1973;
Hays, 1958). The rapid conversion of sediment ortho-
phosphate to organic phosphorus in a water column
is supported by Carter et al, (1974) studies.

Littie work has been done to determine what role,
if any, the increased use of outboard motors has
played in the increased rate of eutrophication of many
lake systems. Casey er al. (1974) and Neilson (1974)
were interested in the rate of transfer of oxygen from
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Table 5. Analysis of variance for selected water quality parameters collected before
and after mixing periods

Chance probability for

Ortho- Total Chlorephyll
Lake Station Turbidity phosphorus  phosphorus u
Claire Control 0.71 0.34 0.07 0.34
Mixing 0.02 0.0001 0.003 0.005
ICAH Control 0.82 093 0.62 0.79
ICAH Mixing 0.07 0.041 0.08 0.002
Mizell Control 0.15 0.60 0.70 0.29
Mixing 0.21 0.13 0.002 026
ICAH Control 0.74 0.27 0.46 028
ICAH Mixing 0.24 .10 (.45 0.09
Jessup  Control 0.64 0.83 0.77 0.70
Mixing 0.008 0.001 0.008 0.12
ICAH Control 0.85 0.58 0.77 0.26
[CAH Mixing 0.001 0.002 0.005 0.002

Table 6. Phosphorus change due to mixing by motorboats in study lakes

Control stations Mixing stations
Av, Conc Av, conc

Phosphorus  *No. of tmgt™'-P) % *No.ol  (mg!™'-P} %
Lake form Samples Initial Final change Samples Initial Final change
Claire OP 42/40 0039 0041 5 72/69 0042 0060 43
{76-77) TP 42140 0059 0076 29 71/68 0085 0118 39
Mizell opP 20120 0036 0038 6 60/60 0044 0051 16
{1977 TP 20720 0053 0055 4 60/60 006! 0078 28
Jessup op 12/12 0110 0112 2 12/12 0091 0181 73
(1976) TP 12/12 0327 0312 -5 12/11 0304 0470 55

* The top number represents samples collected before mixing and the lower number samples after

mixing.

est for better understanding the mechanism and con-
sequences involved. A rapid increase in OP-P to
maximum value was reached after a few minutes of
mixing in the isolation chamber (IC2} in Lake Jessup
as shown from Fig. 6. The maximum turbidity and

OP-P measurements occurred during the first H0 min
of mixing time. A slight decline {rom the maximum
value in turbidity measurements was noticed due to
decline in the battery strength powering the electric
motors used for mixing in the isolation chambers.
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Fig. 6. Change of turbidity and phosphorus concentration with mixing time in chamber at Lake Jessup.
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Fig. 7. Change of phosphorus concentration in mixing chamber at Lake Claire.

Phosphorus seems to increase at a much faster rate
than the rate of decline after cessation of mixing. This
was clearly demonstrated in Figs 7, 8 and 9. The
maximum concentrations of phosphorus were reached
in less than two hours of mixing in isoiation
chambers. Twenty hours after cessation of mixing the
phosphorus concentrations, including OP, TP, filtered
and unfiltered phosphorus remained higher than the
initial phosphorus concentrations before mixing. The
orthophosphorus rate of increase due to mixing
averaged 0041 mgl '-min, 00¥Wmgl '-h, and
0.005mg 1~ '-h for Lakes Jessup, Claire and Mizell,
respectively. The rates of decline in the orthophos-
phorus concentration over the first day after cessation
of mixing averaged 0.011 mgl~'-h, 0.0006 mgi~*-h
and 00003mg! !k for Lakes Jessup, Claire and

Mizell. The dissolved orthophosphates averaged 81,
89 and 73%, of the unfiltered OP-P for Lakes Claire,
Mizell and Jessup, respectively.

PHOSPHORUS RELEASE STUDIES

Core samples of bottom sediments were collected
and the upper 2cm of sediment core were placed in
an acid washed 41 glass bottle, transported to the
Iaboratory, stored at 4°C, and processed within 4 h.
Each lake was sampled in triplicate from randomly
selected sites in the mixing areas to investigate the
leachable orthophosphorus from the sediments. A
fourth sediment core was taken from the same mixing
area in each lake to determine moisture, volatile
solids and total phosphorus content of the sediment.
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Fig. 8. Change of turbidity and phosphorus concentration in mixing chamber at Lake Mizell,
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Fig. 9. Change of turbidity and phosphorus concentration in mixing chamber at Lake Jessup.

All tests were run in triplicates. A summary of the phorus released from batch experiments followed the
results is presented in Table 7. There was no differ- same general trend of phosphorus changes due to
ence between OP released after 5 min and 3h contact  boating activities in Lakes Jessup, Claire and Mizell.

time. Also, the OP released was highest from Lake
Jessup sediments followed by Lake Claire and lowest
from Lake Mizell. Filtered OP released was estimated
to be 163, 74, and 41 mgm ™2 from Jessup, Claire and Regression analysis was performed to detect if cor-
Mizell bottom sediments, respectively, The phos- relations exist between turbidities and the phosphorus

PHOSPHORUS-TURBIDITY RELATIONSHIPS

Table 7. Summary of bottom sediment orthophosphorus release in water ¢nvironment

Lake Claire Lake Mizell Lake Jessup
Sud, Std. Sud.
Parameters Mean Dev. Mean Dev. Mean Dev.
% Water content in bottom
sediments core 309 43 247 0.20 90.7 0.5
% Volatile solids in bottom
sediments core 2.5 1.8 0.76 0.16 337 1.6
Total phosphorus content
(mgm™?) 5227 — 9456 - 7991 -
Leachable orthophosphorus
A. Filtered (mg m™?) M 3 4] 16 163 75
B. Unfiltered (mg m %) 123 X0 53 19 194 68

Table 8. Correlations between water quelity parameters for water samples collected
from study lakes

No. of  Correl. r values
Variable obs coef. at 19 level of
Lake Independ. Yar  Depend. Var. n r significance
Claire Turh. (JTU) OP{mgl™'-P) 66 0.45 0.31
(1976) Turk. (JTU) TP (gl ™ '-P) 62 0.45 0.32
Claire Turb. JTU) OP{mgl '\-P) 174 042 0.19
{1977) Turb. JTU) TP (mgl '-P) 174 0.33 0.19
Claire Turb. (JTU) OPmgi™'-P} 240 046 0.17
{1977 & 1976) Twrb. JTU) TP {mgi '.P) 236 0.52 0.17
Jessup Turb. (JTU) OP(mg !~ '-P) %6 0.78 0.26

{1976) Turb JTU} TP(mgl P} 96 0.82 0.26
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content in samples collected from control and mixing
stations of the study lakes, considering 1976 and 1977
data separately and combined. Positive correlations
existed as shown in Table 8. All the calculated corre-
lation coefficients r lisiéd in this table are greater than
the critical r values at a 1% level of significance, It
appears that changes in turbidity measurements are
accompanied by changes in the phosphorus content.
In other words, if turbidity changes by induced waves
from motorboats, it will produce changes in OP and
TP, Also, if changes in turbidities could be minimized,
changes in the phosphorus content could also be kept
al a minimum. The engine/boat combination that
limnits the frequent disturbance of the bottom sedi-
ments in shallow lakes can be determined as sug-
gested by Yousef et al. (1978),

SUMMARY AND CONCLUSIONS

Changes in water quality due to mixing by motor-
hoats._ were_studied in_shallow lakes of Central
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interests are applicable to estuarine as wetl as fresh
waters.
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Set-Back Distances to Protect Nesting Bird Colonies
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Abstract: Breeding colonial waterbirds are particularly susceptible to buman disturbance because of their
high-density nesting habits. Identified detriments to reproductive success tnclizde egy and nestling mortality,
#est evacuation, reduced nestling body mass and slower growrh, premature fledging and modified adult
bebaviors. Fifteen species of colonial waterbirds nesting at 17 colonies in north and central Florida were
exposed 1o three different buman disturbance mechanisms (HDMs) in order to determine recommended
set-back (RS) distances for protecting these mixed-species nesting assemblages, Both intraspecific and inter-
specific variation were observed in flushing response distances to the same buman disturbance mechanisms.
In general colonial waterbirds exhibited greater average flush distances in reqction to a walking approach
than 10 approaching motor boats. Recommended set-back distances were estimated using a for::\nula based on
the mean plus 1.6495 standard deviations of the observed flushing distances plus 40 meters RS = exp (f +
164956 + 40)). In general, a recommended set-back distance of about 100 meters for wading bird colonies
and 180 meters for mixed terniskimmer colonies should be adequate to effectively buffer the sites we studied
Jrom buman disturbance caused by approach of pedestrians and motor boals. We recommend Jollow-up
studies to fest our model at other breeding colonies.

Distanciz de alejamiento para proteger de las perturbaciones humanas a las colonias de aves nidificadoras en
Florida

Resumen: Las aves acudticas que babitan en colonias durante el periodo de cria, son particularmente
susceptibles a las perturbaciones bumanas por sus bdébitos conducentes g una alta densidad de nidos, Los
Sfactores que disminuyen el éxito reproductivo, incluyen la mortalidad del buevo y el pichon, la evacuacion
del nido, la reduccion de la masa corporal del pichdn o crecimeiento lento, el abandonc Prematuro del nido
por parte de los pichones y comportamientos adultos modificados. Quince especies de colonias de aves
acudticas que nidificaron en 17 colonias del norte y centro de Florida, Jueron expuestas a 3 mecanismos de
Derturbacion bumana diferentes, a los efectos de determinar distancias de alefamiento recomendables para
proteger las agregaciones mixtas de éstas especies. Variaciones intra-especificas e inter-especificas en las
distancias de respuesta frente a los mismos mecanismos de perturbacion bumana, En general, las colonias
de aves acudticas exbibieron una mayor distancia promedio antes de volar en reaccién a la cercania de pasos
que al acercamiento de una embarcacion a motor. La distancia recomendada de clejamiento fue estimada
wtilizando una férmul/q basada en la media mds 1.6495 desviaciones standard de la distancias antes de volar
observada, mds 40 m RS = exp (L + 1.6495¢ + 40)). En general una distancia de alejamiento de alrededor
de 100 m para las colonias de aves zancudas y 180 m para las colonias mixtas ( “tern/skimmer”), seria
adecuada para amortiguar a los sitios que estudiamos de los impactos de las perturbaciones humanas
causadas por la aproximacicn de caminantes y embarcaciones con motor. Recomendamos estudios de
seguimiento para probar nuestro modelo en otras colonias de cria.
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Introduction

Human disturbance can adversely affect wildlife, with
colonial breeding birds being particularly susceptible
because of their high-density nesting habits. Several
studies have shown both qualitative (Johnson & Sloan
1976; Ellison & Cleary 1978; Anderson & Keith 1980)
and quantitative (Jenni 1969; Tremblay & Ellison 1979;
Parsons & Burger 1982; Kaiser & Fritzell 1984) human
impacts on colonial waterbirds. Adverse effects include
egg and nestling mortality (Teal 1965; Schreiber 1979;
Jeffrey 1987), premature fledging or nest evacuation
(Veen 1977, and reduced body mass or stower growth
of nestlings (Kurry & Gochfeld 1975; Pierce & Simons
1986). Adult behavior also may be altered by distur-
pance, resulting in altered foraging patterns (Skagen et
al. 1991) and other detrimental effects on reproduction
(Gillet et al. 1975; Tremblay & Ellison 1979; Cairns
1980, Safina & Burger 1983). Responses of colonial
waterhirds to disturbance may vary with habitat type,
physiography of the colony, food supply, seasonality,

Hiicl - BiFd species (Manuwal1978;-Ollason-&-Dunnet-

1980; Erwin 1989). Some resecarchers also have re-
ported no significant effects in relation to frequency of
disturbance on breeding success (Goering & Cherry
1971) or vatious degrees of habituation to disturbances
(Robert & Ralph 1975; Burger 1981¢; Burger & Goch-
feld 1981).

The increasing popularity of outdoor recreational ac-
tivities in recent years has resulted in increased human
disturbances of colonial waterbird breeding sites. This
frequently has led to increased protection of these sites
by placing them in public ownership and concomi-
tantly, restricted recreational access to land and water
around these breeding colonies. Conservation person-
nel are faced with the difficult task of effectively buffer-
ing important wildlife resources from disruptive human
activities despite increasing demands for access to pub-
lic lands. We define a set-back distance as a minimum
distance of nonintrusion by humans measured from the
perimeter of a colony that will preclude disturbances to
nesting birds. Previous recommendations for set-backs
around nesting colonial waterbirds as a strategy to alle-

viate disturbances have ranged from 50 to 200 meters

for tern (Sterninae) species (Buckley & Buckley 1976;
Erwin 1989) and 100 to 250 meters for wading bird
(Ardeidae) species (Vos et al. 1985; Erwin 1989).
Anderson (1988) suggested a “threshold” estimate of
GO0 meters to protect 2 Brown Pelican (Pelecanus oc-
cidentatis) colony in Mexico. Although Florida began
protecting colonial waterbird nesting sites from human
disturbance in 1976, the set-back distances currently
used by a natural-resource personnel to protect avian
colonies in Florida ate not based on regional empirical
data. Most set-back distances were derived from “best
estimates” at the time of posting but were difficult
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to defend on legal and biotogical grounds. Therefore, a
multispecies study was conducted to determine the set-
back distances necessary to protect nesting colonial
wading birds and seabirds from human disturbance.
We were interested in determining if individual spe-
cies members of the ground nesting guild (order
Charadriiformes) and tree nesting guild (orders Pele-
caniformes and Ciconiiformes) would exhibit similar
flush distances to the same type of human disturbance.
In Florida, the ground-nesting guild is represented by
the gulls, terns, and skimmers (family Laridae), and the
tree nesting guild is represented by wading birds (fam-
ilies Ardeidae, Threskiornithidae, and Ciconiidae) and
other seabirds (families Pelecanidae, Anhingidae, Phala-
crocoracidae). One proposed advantage of coloniality is
its antipredator role (Lack 1968), and a primary advan-
tage of increased vigilance is to allow the alerted birds
to flee {Krebs 1978). Thus, colonial nesting may facili-
tate group vigilance, and similar species within each
colonial nesting guild may exhibit similar fiush dis-
tances. In addition, we wanted to identify the potential

disturbance. Pedestrian and boat traffic are the most

frequent forms of human disturbance to waterbird nest-
ing in Florida, especially at colonies on islands and ma-
rine coastal sites.

Qur primary goal in this study, however, was to rec-
ommend set-back distances to prevent human distur-
bance of single-species and mixed-species colonies.
Herein, we develop a technique to calculate set-back
distances around breeding-bird colonies and recom-
mend this method as a general model that may be ap-
plied elsewhere for buffer zones specifically designed -
for each species and location.

Study Area

" Data were collected at eight wading bird and nine sea-

bird (collectively termed colonial waterbirds) nesting
sites in Florida during the spring-summer of 1989-1991:
Dee Dot Ranch (Duval Co.), a mixed-species wading-
bird colony in a sparsely treed freshwater swamp, dom-
inant nesting vegetation was Cypress (Taxodium disti-
chum); Matanzas Point (St. Johns Co.), two separate
tern nesting sites in natural coastal dune habitat,
sparsely vegetated with sea oats (Uniola paniculata);
Port Orange (Volusia Co.), a mixed-species wading-bird
colony on a marine dredged-material island, dominant
vegetation was black mangrove (Avicennia germi-
nans);, Oaks Mall (Alachua Co.), a mixed-species wad-
ing-bird colony in a freshwater swamp, dominant vege-
tation was southern willow (Sailix caroliniana); Lake
Yale (Lake Co.), 2 mixed-species wading-bird colony in
a freshwater swamp, dominant vegetation was Cypress;
Haulover Canal (Brevard Co.), a mixed-species wading:
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cies of colonial waterbirds to a walking approach that
precluded further pooling of the data for the tree-
nesting guild into taxonomic groups, such as family and
order, higher than the species level. Mean upflight dis-
tances for Least Terns (Sterna antillarum, 59.0 £ 23.6
m) and Black Skimmers (Rynchops niger, 56.2 = 30.6
m) to a walking approach were about twice the mean
individual bird-flush distances (27.9 = 9.4 m and 25.0 +
9.6 m, respectively) from their nests after returning
from an upflight (Fig. 1).

We found significant (p < 0.05) negative relation-
ships~flush distances shorter with successive on-foot
approaches—only for Laughing Gulls (Larus atricilla)
at the Island DS-3D colony (+* = 0.14, p < 0.04, n =
31) and Cattle Egrets (Bubulcus ibis) at the Port Qr-
ange colony (+* = 0.66, p < 0.001, 7 = 12). We found
a significant (p <X 0.05) positive relationship—flush dis-
tances increased with successive on-foot approaches—
for individual Black Skimmers at the St. George Istand
causeway colony during the incubation period of 1989
and 1990 (#* = 0.66, p < 0.001, # = 22; 7% = 0.25, p
< 0.001, n = 56; respectively), but not during the later
nestling period. We also investigated autocorrelation
(especially first order) using autocotrelation plots, plots
of lagged-regression residuals, and Durbin-Watson tests
() for independence of serial correlation among resid-
uals. We detected significant (p < 0.05) positive first-
order autocorrelation only for flush distances of individ-
ual Least Terns during the incubation period at St.
George Island causeway (1989: D = 0.906, autocorre-
lation = +0.513, n = 18; 1990: D = 1,543, autocor-
relation = +0.224, n = 77). Consequently, the indi-
vidual flush distances for Least Terns and Black
Skimmers at the 5t. George Island causeway colony rep-
resented in Figure 1 are the data collected during the
nestling period that did not exhibit a significant rela-
tionship ot autocorrelation between successive walking
approaches. As the recommended set-back distances for
these two species were calculated from the larger up-
flight distances (see Fig. 1 and Table 1), these effects are
discussed here but did not confound our set-back rec-
ommendations.

Boat Approach

Brown Pelicans exhibited the shortest individual flush
distance (4 m) and mean flush distance (9.4 * 5.5 m),
whereas Great Egrets (Casmerodius albus) possessed
the longest mean flush distance (28.9 + 8.6 m) at the
approach of a boat (Fig. 2). As with the walking ap-
proach, there were significant differences (ANOVA/
Tukey’s MR.T., p < 0.05) in the flush distances among
some species of the tree-nesting guild that prevented
pooling these data into taxa higher than the species
level.
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Table 1. Recommended set-back (RS) distances hetween
breeding colonial waterbirds and a walking or motor hoat
approach directly toward the nest.

RS Distance (m)*
Walking

Order and Species Motor Boat

Pelecaniformes
Brown Pelican
(Pelecanus occidentalis) 76 65
Double-crested Cormorant
(Pbalacrocorax auritus) 96 71
Anhinga
(Anhinga anbinga) 89
Ciconiiformes
Great Blue Heron
(Ardea berodias) 100 82
Great Egret
{Casmerodius albus) 91 87
Snowy Egret
(Egretia thula) 67
Tricolored Heron
(E. tricolor) 88 59
Little Blue Heron
(E caerulea) 71
Cattle Egret
(Bubulcus ibis) 70
Black-crowned Night-Heron
(Nycticorax nycticorax) 97
White Ibis
(Eudocimus albus) 76
Wood Stork
(Mycteria americana) 65 63
Charadriiformes
Least Tern?
(Sterna antillarum) 154
Black Skimmer®
(Rynchops niger) 178

AN
“ RS distance was calculated by using the formulaRS = exp (d +
1.6495 &) + 40 m. Values were rounded o nearest whole number
Y RS distances for these species were based on the upfiight response,

Canoe Approach

Double-crested Cormorants (Phalacrocorax auritis)
flushed at significantly greater distances (£ = 2.580, p<
0.05) than Anhingas (Anbinga anbinga) in our limited
data set (Fig. 2).

Comparisons of HDMs

Brown Pelicans (¢ = 2.333), Double-crested Cormo-
rants (+ = 6.168), Great Blue Herons (+ = 5.172), and
Tricolored Herons (Egretta tricolor, t = 4.351) exhib-
ited significantly (p < 0.05 ) shorter flush distances to an
approaching boat than to walking humans, whereas the
Great Egret showed similar flush distances (2 = 1,174, p
> 0.03) to approaches on foot and in-a boat (Figs. 1 and
2). Flush distances for canoe and motor boat approaches
(Fig. 2) were similar (¢t = 1,370, p > 0.05) for the
Anhinga,

Double-crested Cormorants exhibited significantly (p
< 0.05) greater flush distances than Brown Pelicans for
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motor boat {# = 8.291) but not for walking (¢ = 1.140).
Great Blue Herons and Great Egrets appear to be two of
the more sensitive species when approached on foot or
in a boat (Figs. 1 and 2).

Nesting and Interyear Comparisons

There were no significant (p > 0.05) differences in flush
distances between incubating and brooding adult
Brown Pelicans (17.2 = 10.1 m [» = 38]and 22.5 % 9.3
m [# = 25], respectively; ¢ = 1.527) and Double-
crested Cormorants (24.2 = 126 m [n = 24]and 33.2
+ 145 m [# = 14], respectively; ¢ = 1.185) for the
walking HDM. There were no sigoificant (p > 0.05)
differences in flush distances collected between 1989
and 1990 among adult Brown Pelicans for the walking
HDM (180 % 6.3 m [# = 45)and 23.0 * 5.6 m [n =
18], respectively; ¢ = 1.383) and individual flush dis-
tances of adult Least Terns (33.4 = 9.9 [# = 18] and
263 * 10.7 m {n = 53], respectively; t = 1.318), and
individual Black Skimmers for the walking HDM (21.5 *
83mi[n =

tively; ¢ = 1.188) approaches.

Adult Least Terns (27.9 = 94 m, » = 71) and Black
Skimmers (25.0 = 9.6 m, # = 47) exhibited signifi-
cantly greater individual flush distances (¢ = 1.668 and
1.854, respectively; p < 0.05) than unattended, mobile
nestling terns (17.2 * 12.3 m, n = 21) and skimmers
(163 % 4.4 m, n = 19) during a walking approach.
Adult (19.2 % 7.4 m, n = 63) and nestling (21.3 = 3.5
m, # = 12) Brown Pelicans exhibited similar (r =
1.523, p > 0.05) flush distances to walking approaches.

Discussion

Our study detected interspecific response variation to
the same HDM among colonial waterbirds, especially
among the trec-nesting guild. Great Blue Herons and
Great Egrets generally exhibited the largest flush dis-
tances, whereas Brown Pelicans and Wood Storks gen-
erally possessed the smallest flush distances. Other stud-

ies also have found similar variation among species.

(Manuwal 1978; Ollason & Dunnet 1980; Burger &
Gochfeld 1981; Erwin 1989). Mueller and Glass (1988)
noted that some species of waterbirds—Snowy Egrets
(E. thula), Tricolored Herons, and White-faced Ibises
(Plegadis chibi)—were more adversely affected by dis-
turbance than other species. We also found that some
species, such as Brown Pelicans and Cattle Egrets, were
relatively tolerant of human disturbance. This may be
due to their long association with and habituation to
human activities in Florida; pelicans frequently associate
with fishing activities and “panhandle” at docks and
piers, and Cattle Egrets often follow farm machinery.
Several species (Brown Pelican, Double-crested Cor-
morant, Great Blue Heron, Tricolored Heron) exhibited
shorter mean flush distances to a boat approach com-

22] and 285 * 13.6 m [# = 25], respec-
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pared 10 2 walking approach. Vos et al. (1985) reported
that most boating activity caused the least disturbance
to Great Blue Herons. Grubb and King (1991) also
found that pedestrian traffic was the human activity
most distarbing to Bald Bagles (Haliaeetus leucoceph-
alus), and Klein (1993) found that human traffic was
more distuptive than vehicular traffic to several species
of foraging waterbirds.

we did not detect differences in the flush distances
between incubating and brooding adults. Likewise, Er-
win (1989) reported no significant correlations be-
tween response distances and nesting phase, though he
did note a weak (p = 0.10) relationship for Least Terns
and nesting phase. In our study, three specics (Brown
Pelicans, Least Terns, and Black Skimmers) demon-
strated that a set-back distance that prevents flushing by
nesting aduits also should provide an adequate buffer
zone to prevent flushing (nest evacuation) by older,
mobile juvenile birds. In addition, the upflight distances
were greater than the individual flush distances of nest-
ing Least Terns and Black Skimmers and therefore

..should-be used-to-caleculate.set-back.distances for. these ...

species.

We detected both decreasing distance responses to
repeated approaches (among Cattle Egrets, Laughing
Guils) and increasing distance responses to sequential
approaches (among Black Skimmers), as well as, first-
order autocorrelated responses (among Least Terns)
during our analyses. It appears that the responses of
individuals of these four species to-a sequential on-foot
approach may have been affected by our previous ap-
proaches. Both acclimation to disturbance and in-
creased sensitivity to disturbance phenomena should be
considered by researchers in future studies. We could
have adjusted for the effects of first-order autocorrela-
tion by multiplying the estimated variance by 2 function
of the estimated autocorrelation coefficient. Because of
the much greater distances for the upflight responses of
Least Terns and Black Skimmers, however, we did not
use data on the flush distances of individual birds for
these two species when estimating the recommended
set-back distances as we did for the other colonial
waterbirds. In addition, we did not estimate set-back
distances for Cattle Egrets and Laughing Gulls because
of a significant negative relationship in successive ap-
proach and flush distances for these two Species. To
compensate for the effects of acclimation, these spécies
could be represented by a statistic related to the pre-
dicted regression value of the first observation, rather
than a statistic based on the species mean. However, we
did not have enough data to do this. Future research by
other investigators should consider these factors when
designing and testing hypotheses.

One proposed advantage of coloniality for single-
species and multi-species assemblages or nesting guikds
is antipredator defense via early warning to colony
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members (see reviews in Burger 19815; Wittenberger
& Hunt 1985). Least Terns and Black Skimmers exhib-
ited similar long upflight distances, an advantage for
these ground-nesting guild species. The tree-nesting
guild species (Pelecaniformes and Ciconiiformes)
showed smaller flush distances, however, possibly the
result of nesting above ground level and security from
approach of some mammalian predators. These tree-
nesting species also exhibited greater interspecific dif-
ferences in their flush distances. A possible advantage of
these mixed-species nesting assemblages would be
group vigilance that allows the alerted birds to flee from
a predator {Krebs 1978). The intermediate-sized day
herons (such as Little Blue Heron, Tricolored Heron,
Snowy Egret) that tend to nest under the vegetative
canopy (see Burger 1978) would gain an advantage by
nesting with the more vigilant (larger flush distances)
Great Blue Herons and Great Egrets that tend to nest
higher in the canopy.

It appears that acclimation to tangential vehicle traffic
also occurs among some colonial waterbirds. Although
we made no direct test in this study to determine the
minimum distance to elicit a flush response to a tangen-
tially moving vehicle, data from another study demon-
strated that Least Terns (X = 11.0 m, range = 7-15m,
»n = 103 nests) and Black Skimmers (¥ = 12.6 m, range
= 9-17 m, # = 61 nests) nested closer (¢ = 2.247 and
3,225, respectively; p < 0.001) to the road edge com-
pared to their individual ffush distances (Jeast tern: ¥ =
26.6 m, range = 12-59 m, # = 54 nests; Black Skim-
mer: X = 25.0 m, range = 12—44 m, » = 47 nests) in
response to walking approaches at the St. George Island
causeway colony. The factor limiting nest site proximity
to the roadway at this colony was apparently the lack of
suitable substrate within the adjacent grass-covered
right-of-way. Only rarely did terns and skimmers nesting
at the St. George Island causeway colony flush in mass
due to nearby (about 10—15 meters) tangential vehicu-
lar traffic such as large, noisy tractor-trailers. This sug-
gests that habituation to some types of human distur-
bance is possible for some species at some sites,
especially when breeding habitat is limited as for larids
in Florida. Similar instances of acclimation by colonial
waterbirds have been reported by Grubb (1978) and
Anderson (1988).

Recommendations and Implementation

A major conclusion of our study is that all species must
be considered when recommending set-back distances
around mixed-species waterbird colonies. Association
with mixed-species aggregations may even increase the
flushing distances for some species (Stinson 1988). Sev-
eral authors have recommended set-back distances to
protect colonial waterbirds from human disturbance.
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Vos et al. (1985) recommended buffer zones of 250
meters on land and 150 meters on water for Great Blue
Herons. Anderson (1988) proposed a minimum of 600
meters for Brown Pelicans nesting on an island off the
west coast of Mexico, but this “minimum threshold”
value was derived from indirect estimates of human traf-
fic along footpaths, Schreiber and Schreiber (1978) rec-
ommended that Double-crested Cormorants nesting in
single-species or mixed-species colonies should not be
approached “closer than 75 m.” The most extensive
study that specifically examined disturbances to colo-
nial waterbirds was by Erwin (1989). Based on 2 mean
(*+SD) flushing distance formuia, Erwin {1989) recom-
mended a buffer zone of 100 meters for Least Terns and
wading birds and 200 meters for Black Skimmers and
Commeon Terns (S bérundo). For terns and skimmers,
Erwin (1989) used the upflight response to recommend
set-back distances.

Our attempts to quantify the onset of alert and ago-
nistic behaviors by colonial waterbirds in response to
exposure to varions HDMs proved very difficult. Be-
cause of much concurrent nesting activity, it was not
always possible to detect when the bird under observa-
tion exhibited an alert/agonistic response to the HDM.
However, observations from blinds indicated that nest-
ing birds generally became agitated by an approaching
disturbance 25-40 meters (7 = 11) prior to flushing
from the nest. This distance is similar to the additional
buffer-zone distance of 50 meters recommended by Vos
et al. (1985). The addition of 40-meters ( +40 m) to the
flushing distances of our sampled populations wouid be
a conservative approach to minimize alert/agonistic re-
sponses and likewise allow for effects related to varia-
tion in vegetative cover, intraseasonal differences, and
food supply that might cause increased stress on the
colony (Hunt 1972; van der Zande & Vestral 1985), and
other environmental variables that can influence flush
distances.

We estimated recommended set-back (RS) distances
for individual species of breeding colonial waterbirds
calculated from the mean and standard deviation of our
sampled populations (Table 1). For a given species, let
X; represent the observed flushing distance for an indi-
vidual nest approach 7 and ¥; = In (X;). We assumed
that the X, are independent, identically distributed and
follow a lognormal distribution with the parameters p
and o such that p = E (¥;) and 0® = var (¥,). Using
Qoos as the ninety-fifth percentile of this distribution
(0.95 = P (X; = Quos)), the desired RS distance was
considered to be Qg5 -+ 40. To estimate Qg 55 and the
RS, the relationship between percentiles of the lognor-
mal and normal distributions was used. Thus, for the
ninety-fifth percentile of a standard normal distribution,
Zyos = 16495 and

Qoos = exp (w + 1.6495 ).
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N
Then, the estimated RS distance was calculated as
A
RS = exp (ji + 1.6495G) + 40,

where i and & are the sample mean and standard devi-
ation for the observed values of ¥; = In (X}, i =
1,...,7 We believe that the one-tailed 5% criterion
provides a sufficiently conservative margin in the estab-
lishment of RS distances for colonial waterbirds while
providing a procedure that does not require assump-
tions that are unreasonable for our data.

Human disturbance during wildlife viewing can sub-
tly disrupt community dynamics (Skagen et al. 1991).
Therefore, at mixed-species colonies of waterbirds, the
most sensitive species—the most “skittish” species with
the greatest flush distance—should be used for deter-
mining the RS distance. We further recommend that the
upflight distances be used to calculate the RS distance
for mixed tern and skimmer colonies, Due to low sam-
ple sizes, we were unable to estimate a RS distance for
most species disturbed by approach of a canoe. For An-

---hingas,-however, the-R5.distance for.a.canoe-approach..........

(88 m) is similar to that of 2 motor boat {89 m). Thus,
we tentatively recommend that a RS distance for canoes
and other similar vessels be the same as for a motor boat
(Table 1). For mixed-species colonies that are subject to
multiple HDMs, our data suggest that a RS distance of
about 100 meters for wading-bird colonies and about
180 meters for tern/skimmer colonies should provide an
adequate buffer zone arcund the populations we sam-
pled in Florida.

We urge conservation personnel to use prudence
when implementing the RS distances in Table 1 for sin-
gle-species or mixed-species colonies elsewhere. For
example, on remote istands seldom visited by humans,
terns and other pelagic ground-nesters may be more
sensitive than in our study. At the other extreme, some
species may exhibit degrees of acclimation to various
disturbances for short periods of time (as with the St
George Island causeway colony ). But, we believe accli-
mation phenomena should neither be used as justifica-
tion for reducing buffer-zone distances nor for attempt-
ing to habituate any species to HDMs after birds have
colonized a site. Some mitigation may be possible for
" shorter RS distances when physical barriers prevent di-
rect visual contact between breeding birds and HDMs
with low noise levels. Also, some evidence suggests that
tangential approach by a HDM (such as vehicular traffic)
may allow for a shorter RS distance. This effect may be
similar to one observed by Burger and Gochfeld { 1981)
for Herring Gulls (L. argentatus) that responded to the
potential threat of approach by a researcher at greater
distances if the approach was direct rather than tangen-
tial. Henson and Grant (1991) also noted that breeding
Trumpeter Swans (Cygrus buccinator) only reacted to
common vehicular traffic when the vehicles stopped
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along roadways or sounded their horns. We have ob-
served similar behavioral responses by Least Terns and
Black Skimmers at the St. George Island causeway col-
ony and by Cattle Egrets at an 75 colony during this
study.

Conservation personnel must monitor breeding col-
onies for changes in species composition so that the RS
distance can be adjusted for the presence of new, more
sensitive species with greater flush distances. Likewise,
the perimeter of breeding colonial waterbirds must be
monitored anmially so that the RS distance reflects cuzr-
rent colony boundaries (see Buckley & Buckley 1972;
Kerns & Howe 1967; Beaver ct al. 1980). Managers also
must know if a breeding colony is used as a winter roost
to determine if the RS distance should be maintained
during the nonbreeding season. If the RS distance is
discontinued during the nonbreeding season, it should
be re-established several weeks prior to the arrival of
breeding birds based on previous monitoring of the
breeding chronology of the colony. Effects on the
prelaying portion of the breeding cycle associated with

disturbance. may..include . disrupted.occupation..of €Ol .

ony sites { Conover & Miller 1978}, subcolony prelaying
abandonment (Safina & Burger 1983), or other adverse
effects on pair-bond establishment and nest-site selec-
tion behavior.

We recommend additional research to examine the
effects of variable approach speeds (especially rapid, er-
ratic movements), tangential approaches, presence of
seasonal variation in response to disturbance, and other
types of HDMs (such as jet-ski vehicles, aircraft over-
flights, etc.). We realize that there are limits to our
method of calculating estimated RS distances for each
species and that the values are more subjective than
implied from the RS equation. Because of the variation
in flush distances among individual birds and species, RS
distances may need to be developed on an individual-
colony basis. However, we believe the principles and
techniques developed here may be applied elsewhere to
serve as a general model for specific design of RS dis-
tances for each species, location, and situation.
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Introduction

Shipshewana Lake is a 202 acre natural lake located one mile west of Shipshewana, Indiana in
LaGrange County. The Jake has 2 maximum depth of 20 feet and an average depth of eight feet.
The main inlet to Shipshewana Lake, Cotton Lake Ditch, enters the lake on the north shore and
originates in the Cotton Lake watershed. The outlet, Page Ditch, is located on the eastshore of
the lake and ‘ﬂows. into Taylor Lake which eventually enters Pigeon River. Approximately 50%
of the shoreline is developed residentially. A state owned public access site with a concrete boat
ramp is located on the south shore of the lake off of County Road 900 West. LaGrange County
has a park located on the east shore of Shipshewana Lake. This park provides parking and access

for ice anglers at the lake.

An initial general {ish population survey of Shipshewana Lake was conducted by Indiana
Department of Natural Resources’ (IDNR) fisheries biologists in 1968, This survey found a

marginal fishery dominated by panfish. No fish management was recommended

Shipshewana Lake was surveyed again in 1975 to evaluate the effects of a large panfish die-off
that occurred in 1972. This die off was caused by a bacterial disease. The results of this survey .
showed a satisfactory fishery was present dominated by bluegill, and black crappie. Once again,

no fish management was recommended.

A third fisheries survey of Shipshewana Lake was conducted in 1983. The survey was
dominated by golden shiner, black crappie, bluegill and vellow perch. The fishery was again
considered satisfactory although increases in the golden shiner and carp populations were noﬁced
along with a decline in water quality. Following this survey it was recommended that .northem'
pike be stocked in Shipshewana Lake to utilize increasing golden shiner and white sucker

populations. Pike were subsequently stocked into the lake in 1985 and 1987. A follow-up



survey in 1986 showed survival and growth of the 1985 pike was good.

- Following the 1983 survey, concerns regarding the water quality resulted in a request filed with
the Indiana Department of Environmental Management to investigate The Shipshewana Lake
watershed. The purpose of this investigation was to discover possible sources of nutrients

entering the lake and propose control methods..

As a result, International Science and Technology was contracted to conduct a feasibility study -
regarding the restoration of Shipshewana Lake. This study, which was funded by the
Shipshewana Community Lake Improvement Association and the IDNR’s Lake Enhancement

Program, was submitted in 1989. This report identified sources of nutrients contributing to water

recommended at Shipshewana Lake to remove the large amount of sediment that covered the
lake bottom and continually recycled unwanted nutrients throughout the system. This dredging
project was finally carried out in 1999. Using a suction dredge, the contractor was able to
remove approximate 227,500 cubic yards of sediment from the lake bottom. While the southern
basin of the lake was considered free of sediment, it was estimated up to five feet still remained .
in the north basin due to lack of funds to finish the project. In addition to the dredging project,
farmers in the watershed were taught and encouraged to use agricultural conservation practices,
The total cost of the project, which was funded by Build Indiana Fund monies channeled through

the Division of Soil Conservation, was approximately $2.4 million.

An additional fish population survey was conducted at Shipshewana Lake in 1989 to check the
status of the fishery. During this survey a total of 2,504 fish representing 14 species were
collected. The dominant species by number was golden shiner (40.6%) followed by black
crappie (29%), bluegill (12.3%) and largemouth bass (6.5%). By weight, carp dominated
(34.1%) followed by largemouth bass (21%), spotted gar (10,5%), golden shiner (8.2%) and
black crappie (8.2%). In additibn. 24 northern pike were collected. Twenty-one of these fish
were age H+ fish from the 1987 stocking. vThe largest pike collected measured 33 inches in

length. 1t was determined that although a good sport fishery still existed in Shipshewana Lake,

quality-deelines-at-Shipshewana Lake-and potential restoration measures: A dredging project wag """ = ="



there was a decline in the quality of the bluegill and black crappie populations. The golden
shiner population had also expleded. The largemouth bass population appeared very healthy.
Five year classes were collected and growth rates were above average. In addition, over 41% of
the bass sample was comprised of fish 14 inches in length or larger, which is considered

harvestable size. This is outstanding for northern Indiana natural lakes.

The current survey was conducted from June 3-7, 2002. Fish coltection methods included gill

netting, trap netting and nighttime D,C. electrofishing.

Resulis

A total of 1,424 fish representing 15 species were collected during the survey. Black crappie
was the dominaat species by number (34.2%) followed by bluegill(28.3%), golden shiner (8.4%),
yellow perch (7.4%) and largemouth bass (7.3%). Carp dominated the sample by weight
(36.2%) followed by white sucker (12.21%), black crappie (12.16%), spotted gar (10.5%),
bluegill (8.6%) and largemouth bass (8.2%). The total weight of fish collected was 917.22

pounds.

Black crappie ranked first among all species collected in number (34.2%) and fourth by weight
(12.16%). They ranged in length from 2.7 (age I+) to 10.2 (age V+) inches and averaged 7.7.
The 487 crappie collected weighed 111.49 pounds black crappie 8.5 inches in length or larger,

considered harvestable size, comprised 38.6% of the sample. Growth rates for all ages of crappie

were average, In 1989, crappie were second in abundance behind golden shiners but were first
among game species collected. Only 10.2% of the 725 crappie collected that year were
harvestable size. Crappie were also second in abundance in 1983, again following golden

shiners. Harvestable size crappie comprised only 7.1% of the sample in 1983.

A total of 403 bluegill weighing 79.06 pounds were collected during the survey. They ranged in
length from 3.2 (age I+) to 13.0 (age IV+) inches and weighed 8.57 pounds. Bluegill comprised

28.3% of the sample numerically, which ranked second, and 8.6% by weight, which ranked fifth.

Approximately 39% of the bluegill collected were harvestable size, 6 inches in length or larger.



Growth rates for bluegill were average. In 1989 bluegill were third numerically and only 5.2% of
these were harvestable size. Bluegill were also third in abundance in 1983, however 80.6% of

these fish were harvestable size.

Yellow perch ranked fourth in abundance (7.4%) among species collected. The 106 perch
captured weighed a total of 33.13 pounds. They ranged in length from 6.9 (age II+) to 11.8 (age
V+) inches and averaged 8.4. Harvestable size perch (eight inches in length or larger) comprised
62.3% of the sample. Perch were fourth in abundance (9.2%) in 1983 but by 1989 the population
had declined to the point where only five were collected. Although 153 perch were collected in

1983, only 5.9% of these were harvestable size.

ranked fifth by number (7.3%) and sixth by weight (8.2%) among species collected. They ranged
in length from 4.5 (age It+) to 19.1 (age VII+) inches and averaged 10.4. Bass 14 inches in length
or larger, considered harvestable size, comprised 9.6% of the bass sample. Growth rates for all -
bass year classes except age IV+ fish was above average for northern Indiana natural Lakes, The
age IV+ fish exhibited average grdwth. Bass ranked fourth by number in 1989 (6.5%) and
seventh in 1983 (3.5%). Almost three times as many bass (163) were collected in 1989 as in -
1983 (58). However, the percentage of harvestable size bass was similar for each year at 37% in
1983 and 41% in 1989. Both of these percentages are very high for northern Indiana natural

lakes. Bass growth rates for both these years were well above average.

‘One other game species was collected during this survey, one channel catfish measuring 20.3
inches in length and weighing 3.16 pounds. This marks the first time a channe! catfish has been

collected from Shipshewana Lake.

Summary
It appears the lake restoration project at Shipshewana Lake has had a positive impact on the
fishery. The lake currently supports a good sport fish population. Black crappie and bluegill

now dominate, as together they comprised 63% of the sample numerically and 21% by weight.
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Yellow perch numbers have also increased (7.4%) and largemouth bass numbers remain
good.(7.3%). The percentage of harvestable size bass in the population remains outstanding.
Growth rates for sport species range from average to above average and harvestable size fish are
plentiful. Golden shiners, while still present, have fallen to a level where they now comprise
only 8% of the fish population by number, ranking third. This compared to the previous two
surveys when they were the dominant species by number, comprising 30% of the sample in 1983
and 41% in 1989. Over 1,000 goiden shiners were collected in 1989 while only 119 were
collected during the current survey. One negative has been the disappearance of the northern
pike. After collecting 24 pike in 1989, none were collected during the current survey. Another
negative concesns carp. They once again dominated the sample by weight (36.2%) similar to

1989 when they comprised 34.1% of the sample by weight.

No fish diseases were detected at Shipshewana Lake during the survey but black spot was evident
on many of the perch collected. Black spot is caused by a parasite called a fluke that spends part
of it’s life cycle burrowed into a fish: The fish reacts by producing & black pigment to surround
the fluke. The fluke is hatmless to humans and cannot be transferred to them through eating

infested fish. Shoreline erosion at Shipshewana Lake is minimal.

Recommendations

No fish management is recommended for Shipshewana Lake at this time.

Submitted by: Larry A. Koza, Fisheries Biologist
Date: 4/14/03



' ~{Type of Survey :
LAKE SURVEY REPORT Dlnilial Survey Re-Survey
Lake Name County Date of survey (Month, day, year}
Shipshewana Lake LaGrange 06/03-07/02
Blologisi's name Date of approval (Monih, day, year)
Larry A, Koza

Quadrahgle Name '

Shipshewana - 8E 3,4,9,10
Township Name Nearest Town
37N : Shipshewana

Stale owned publlcraccess site ‘
Cement boaf ramp

Surface acres Maximum depih Average depth Acre feet Water level Extreme fluctuations
202 20 Fest 855.08 MSL None
Location of benchmark ]
-} Boutheast.shorg

Name ' Location

Cotton Lake Ditch South Cotion Lake ,
Mud Lake Ditch West Mud Lake

Name Loc.atlon

Page Diich ‘ East through Tayior Lake to the Pigecn River
Waler [evel control
POOL ELEVATION (Feet MSL) “ ACRES Bottom type
TOP OF DAM || Bolder
TOP OF FLOOD CONTROL POOL X |Gravel
TOP OF CONSERVATION POOL | X |Sand
__TOP OF MINIMUM POOL | X [Muck
STREAMBED | |cry
Mar!

Watershed use

General farming and residential.
Development of shoreline

Approximately 50% of the shoreline is residentially developed,

Previous surveys and investigations
IDNR Fisheries Surveys: Hudson, 1968; Peterson, 1975; Ledet, 1983; Koza, 1986; Ledet, 1989.




